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REV B Pluribus Board Configuration Manual 


1 Introduction 
1.1 Purpose 


This manual describes Pluribus configuration 
aspects, and provides the necessary documentation to 
verify and/or to change Pluribus system configuration. 
In order to effectively utilize this manual, 
technicians require the System Release Notice (SRN) 
that is shipped with every BBN Computer Pluribus 
system. 


In order to provide technicians with a useful and 
comprehensive document, the information in each chapter 
is divided into sections and subsections. Sections 
refer to board type, while subsections refer to a 


specific board. Sections on each board’s "function in 
life" provide additional in-depth board information. 


The following pertinent information appears at the 
end of each subsection: 


1. A. A pictorial of the board (half-intensity) 
B. Relevant strappable fields (full-intensity). 
C. A coordinate system indexing fields and boards. 
LZ Exploded view of the strappable fields or 
representations of the switches, 


3 Charts for strapping the field and the most 
probable switch setting. 


4. A sample SRN for each board. 
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The manual contains the following items to 
increase its effectiveness and systemize its contents: 


l. A Table of Contents 

a Page and Section Numbers 

35 Page and Section Labels 

4. Pictorial, Field/Charts, and Typical Example are 
connected via superscripts. 

Ds Appendices at the end of the manual to give 
supportive information for configuring, 


maintaining, and repairing Pluribus systems, 


1.2 Description 


The Pluribus has a modular design. Depending on 
System configuration, many boards have fields that 
require an initial adjustment. Since identical boards 
are strapped in different ways depending on their 
location, board information is particularly important. 


A technician straps a board by adding or deleting 
wires between wire-wrap pins or by changing the 
postions (ON/OFF) of the switches. 


The SRN is a series of configuration patterns 
(layouts) used by manufacturing to build a system, and 
by Field Service to verify the present configuration. 
The SRN, retlecting the current machine configuration, 
is invaluable to the technicians that repair and 
Maintain the systems. Without this information, a 
technician may incorrectly interpret the diagnostics 
and, as a result, troubleshoot the wrong portion of the 
machine. In addition, misconfiguration may cause other 
intermittent problems. 


Since the SRN provides a detailed and 
comprehensive diagram of a product, and as such, is the 
product”’s most valuable companion, a technician must 
ensure that a particular SRN and machine match. An 
up-to-date and correct SRN is the technician’s first 
step toward solving a Pluribus problem. 


2 Introduction 
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2 CONTROL PANEL 
2.1 PBI-PCB 


PBI - 2102301C01 
PCB - 2102298601 


2.1.1 Purpose 


The control panel (or console) is an addressable 
System module that provides the operator with a method 
to interface with the Infibus, and therefore the 
System. As such, the control panel can communicate 
with any other addressable system or peripheral device. 


From the control panel, an operator has input and 
output cabalities to the system, and can perform the 
following functions: 


A. Analyze system status (Control panel operating in 
slave mode) 


B. Communicate with the following system modules 
(Control panel operating in master mode): 


1. processors 
2. memories 
3. any I/0 device 


2.1.2 Description 


The control panel module consists of the switch 
panel, PCB card, PBI card, a small ribbon cable to 
interconnect the PCB and PBI cards, and 3 ribbon cables 
to connect the switch panel to the PCB and PBI cards. 


The control panel uses +5 volts DC power. The 
control panel has 63 touch-response switches and 
indicators to regulate system interaction and visual 
display during program development and maintenance. 


NOTE 
The touch-response switches require 


Control Panel 3 
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a slight amount of pressure 
DO NOT overdo it. 


The switch is located behind the markings’ and 
below the neon indicator associated with the switch. 
CAUTION 


Only the operator’s fingers should 
actuate the switches. 


DO NOT use pencils, tools and 
other sharp objects. 


NOTE 


A touch-response function can be effected 
only when the panel is enabled. 


4 Control Panel 
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2.1.3 Switches 
RESET SWITCH 


The switch marked RESET is located in the lower 
lett-hand corner of the switch panel. When touched, 
the RESET indicator lights, and the bus computer system 
is reset. During the reset the HALT indicator flashes 
once for about .1l second. 


As a result of resetting the bus, the LOAD switch 
indicator, the IDLE indicator, and the REGISTER 0 
indicator remain lit until a new command is given. 
(NOTE: These indicators remain lit even though the 
RESET switch is no longer being touched.) 


AUTO-LOAD SWITCH 


The auto-~load switch, marked LOAD, is located to 
the right of RESET. 


To enable the bootstrap loader press’ RESET. The 
LOAD indicator lights, indicating the bootstrap loader 
is enabled. 


Whenever AC power is applied, the LOAD switch is 
automatically enabled and lit. The lit LOAD indicator 
is extinguished when the panel is disabled, but its 
indicator is lit again, as soon as_ the panel is 
enabled. 


INHIBIT SWITCH 


The inhibit switch, marked INH, is the _ second 
switch from the right in the bottom row and, when 
activated, inhibits all system interrupts on priority 
levels 1 through 4. The INH switch is similar to a 
toggle switch. Therefore, if the first touch lights 
(turns on) the indicator, the second touch darkens 
(turns off) the indicator and vice versa. The INH 
indicator, when lit, indicates that all system 
interrupts are inhibited. 
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REGISTER SWITCH 


The top row contains sixteen switches and 
indicators marked QO through 15. The word REGISTER. 
appears directly above the switches. The REGISTER 
Switches select any one of sixteen possible system 
processor registers (Reter to table l). The selected 
register can be accessed by pushing the READ or WRITE 
Switch located in the top row. 


The switch indicator most recently touched is lit, 
while the previously lit indicator is darkened. The 
number on the lighted switch indicator is the selected 
register number. 


Following a system reset or after AC power is 
turned on, REGISTER 0 is always selected. 


Table 1. Register Addresses 


-_— ew em OF em am aw ae es oe ew GF ew a GF a= oF Dw aw OF ow a ow we ee ew em eS oF a em em a as a oe ot em Gee Gm aw a ot an am aw am Gs ow aw GS am GF aE a aw 


! Register ! Register Address ! Register Name | 
! Switch ! (Hex) | 

! 0 ! FFx0 ! General Register 6 (PC) ! 
! ] ! FFx2 ! General Register 1 j 
! 2 ! FFx4 ! General Register 2 ! 
! 3 ! FFx6 ! General Register 3 y 
! 4 ! FFx8 ! General Register 4 
! 5 ! FFxA ! General Register 5 ! 
! 6 ! FFxC ! General Register 6 ! 
! 7 ! FFxE ! General Register 7 j 
! 8 ! FF y0 ! Status Register ! 
! 9 ! FFy2 ! Instruction Register i 
! 10 ! FF y4 ! Firmware A (address of |! 
! ! ! last instruction) ! 
! 1l ! FF y6 ! Firmware B ! 
! 12 ! FFy8 ! Not used { 
! 13 ! FFyA ! Not used j 
! 14 ! FFyC ! Not used ! 
! 15 ! FFyE ! Halt/Run Control ! 

x = 0, 2, 4, 6 for processors 0, 1, 2, 3 respectively. 
y = 1, 3, 5, 7 for processors 0, 1, 2, 3 respectively. 
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ADDRESS SWITCHES 


Sixteen ADDRESS bit switches marked 0 through 15 
are located in the second row from the top, below the 
REGISTER switches. The word ADDRESS appears directly 
above the switches. The coded address switches select 
the address and when touched, the second row READ or 
WRITE switch acesses this address, 


Lighted, the ADDRESS switch indicators represent 
binary ONES; extinguished, they represent binary ZEROS. 
Each switch has toggle-switch action. Therefore, if the 
first touch lights (turns on) the indicator, the second 
touch darkens (turns off) the indicator, and vice 
versa. 


After touching RESET or after AC power is turned 
on, the address switch indicators are always cleared to 
hexadecimal 0000. 


CLEAR (ADDRESS) SWITCH 


The switch marked CLEAR. is located in the second 
row from the top on the right-hand side. When tocuhed 
it clears the ADDRESS switch indicators to hexadecimal 
0000. 


DATA SWITCHES 


The third row from the top (below the ADDRESS 
switches) contains sixteen DATA bit switches marked 0 
through 15. The word DATA appears directly above these 
switches. 


The DATA switches code and generate the written 
data into the location selected by the ADDRESS or 
REGISTER switches. 


The location can be in memory or ae selected 
processor register. The DATA switches operate in the 
Same manner as the ADDRESS switches. The DATA switch 
indicators also diplay the data read from any address 
or register location. : 
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CLEAR (DATA) SWITCH 


The switch marked CLEAR is located in tthe third 
row from the top on the right-hand side. When touched, 
it clears the DATA switch indicators to hexadecimal 
0000. 


BUSY INDICATOR 


The indicator marked BUSY is located directly 
above the RESET indicator. 


The BUSY indicator lights for at least .1] second 
whenever the Infibus is busy with at least one bus 
transfer. 


IDLE INDICATOR 


The indicator marked IDLE is located between the 
RUN and the HALT switches in the bottom row. 


The IDLE indicator lights when the CPU or another 
system processor is waiting for an external interrupt. 


2.1.4 Master Mode 


The following touch-response switches and LED 
indicators either initiate or are related, by the 
control panel logic, to an actual Infibus access, 


Such an Infibus access implies that the control 
panel is the master and the addressed module is the 
slave. 


DONE INDICATOR 


The DONE indicator is located on the right-hand 
side in the third row from the top. When lit, the DONE 
indicator acknowledges that a bus access (with the 
control panel as the master) has been successfully 
completed. The DONE indicator remains dark if the 
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action is aborted, 


The DONE indicator functions only when coupled 
with the following switch actions: 


a. WRITE (to register) 
b. READ (from register) 
c. WRITE (at address) 
d. READ (at address) 

e. RUN 

f. HALT 

g. ADH 

h. STEP 


The ATTIN switch (which accesses the bus on 
external interrupt level 1 instead of on the direct 
data transfer level) does not use the DONE indicator. 


WRITE (TO REGISTER) 


The switch marked WRITE is located on the left- 
hand side of the top row. 


The WRITE switch lights, and then writes the data 
displayed in the DATA indicators into the selected CPU 
or system processor register. If the DONE indicator is 
lit, access was successful. 


READ (FROM REGISTER) 


The switch, marked READ is located on the right- 
hand side of the top row. 


When touched, the READ switch lights. If the DONE 


indicator is also lit, the DATA indicators display the 
contents of the addressed processor register. 


WRITE (AT ADDRESS) 


The switch marked WRITE is located on the left- 
hand side of the second row of switches, 


The WRITE (at address) switch operates in the same 


manner as the WRITE (to register) switch with one 
exception. Depressing the WRITE (at address) switch 
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writes the DATA indicators settings into the address 
displayed by the ADDRESS indicators. 


READ (AT ADDRESS) 


The switch marked READ is located on the _ right- 
hand side of the second row of switches. 


The READ (at address) switch operates in the’ same 
manner as the READ (from register) switch with one 
exception. Depressing the READ (at address) displays 
the DATA indicators at the address displayed by the 
ADDRESS indicators. 


The first touch of the READ switch does not 
increment the ADDRESS indicators before accessing the 
address. However, each successive touch of the READ 
switch increments the ADDRESS indicators by 2 prior to 
access. Touching any switch except the REGISTER or 
DATA switches before touching the READ switch, prevents 
the ADDRESS indicators from being incremented prior to 
the access, 


RUN 


The switch marked RUN is located in the bottom row 
directly to the lert of the IDLE indicator. 


If the DONE indicator is lit, touching the RUGN 


switch forces the selected processor to resume 
executing instructions. The RUN switch indicator 
remains lit if at least one processor is executing 
instructions. If the IDLE indicator is lit, the 


processor unit is waiting for an external interrupt. 
After all processors have halted program execution, the 
HALT indicator turns on. 


The RUN and HALT indicators may appear to be on 
Simultaneously when the Run and Halt conditions are 
interlaced at a high repetition rate. If this occurs 
the HALT indicator may be less intense than the RUN 
indicator since the HALT has a minimum delay time of .l 
second. 


HALT 
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The switch marked HALT is located to the right of 
the IDLE indicator in the bottom switch row. 


If the DONE indicator is lit, touching the HALT 
switch forces the selected processor to stop executing 
instructions. After all processors have halted program 
execution, the HALT indicator is lit. 


ADDRESS HALT 


The switch marked ADH (Address Halt) is located 
directly to the right of HALT in the bottom row. 


When the address on the Infibus compares’ exactly 
to the ADDRESS switch indicators of the switch panel 
the HALT indicator is lit. The selected processor is 
halted as long as the DONE indicator remains lit. The 
ADH switch is ineffective during the time the panel 
control logic, functioning as the master, accesses the 
Infibus. 


The ADH switch-indicator has toggle action. 


STEP 


The switch marked STEP is located to the right of 
the ADH in the bottom switch row. 


Touching the STEP switch lights its indicator and 
causes the addressed processor unit to execute the next 
instruction. At the completion of this instruction the 
contents of the selected processor register 
(REGISTER G-15) are displayed on the DATA indicators. 
The DONE indicator must remain lit following this 
action. 


ATTENTION 


Touching the ATTIN switch causes the generation of 
an "attention" interrupt. The ATIN, switch differs from 
all other switches since it does not actuate its 
function until the touch is released. The ATTIN 
indicator may appear to remain off if the processor 
immediately services the attention interrupt. However, 
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if the processor was not interrupted upon release of 
the ATIN switch, then the ATTN switch inicator remains 
lit and the control panel is locked until the interrupt 
is serviced. 


This condition occurs: 


a. if all processors are halted 

b. if the INH switch indicator was lit prior to 
releasing the ATTN switch 

c. if the CPU is operating with all interrupts 
inhibited 


The ATTN switch can always be switched off by 
touching and releasing the switch a second time, 
thereby unlocking the control panel. 


The control panel address (device number) is 
issued for the ATTN interrupt on priority level l. 


2.1.5 Slave Mode 


The control console ADDRESS and DATA switch- 
indicators are used either for visual display or for 
manual input of information during processor execution. 


There are two 16-bit registers in the panel 
control logic, one for address and the other for data, 
that can be addressed by processors and other master 
system modules. Each of these registers is associated 
with its respective set of switch-indicators on the 
panel. The registers are assigned special addresses 
that can be accessed in the same manner as a location 
in memory. To display data on either the ADDRESS or 
DATA indicators, the program must include a register- 
to-memory class of instruction when the display data is 
written into the addressed panel register. 


To sample the ADDRESS or DATA switch settings, the 
program must include a memory-to-register class cf 
instruction where the switch contents are read from the 
panel register. 
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A maximum of four separate control panels may be 
operated on the Infibus. However, most Pluribus 
Systems have only a single panel, and this panel is 
always designated as control panel number 1. Table 2 
lists the possible register addresses for four control 
panels in a system. 


Since a conflict between an operator and the program 
may occur during a write function, the contents of the 
register should be read back to verify what was 
written. If the contents do not compare, another 
attempt should be made to write the proper data. 


Table 2. Addressable Registers (Switch-Indicators) 


! Panel No. ! Panel Register Name ! Hex Address ! 
! 1 ! address ! FF80 ! 
! 1 ! data ! FF82 ! 
! 2 ! address ! FF84 ! 
! 2 ! data ! FF 86 ! 
! 3 ! address ! FF88 ! 
! 3 ! data ! FF8A ! 
! 4 ! address ! FF8C ! 
! 4 ! data ! FF8E ! 
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INTERRUPT INHIBIT 


Figure 3 shows the location of three toggle 
Switches on the back side of the switch panel assembly. 
These switches permit manually enabling or inhibiting 
the power fail interrupt, power recover/autoload and 
line frequency interrupts. 


POWER FAIL The PWR FAIL switch (872) (PFIN) is 
located as shown in figure 3. Placing the switch OFF 
inhibits the power fail interrupt (PWST). 

In the ON position the power fail interrupt is 


issued when the BCU detects a power fail condition. 


POWER RECOVERY 
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The PWR RCVRY switch (S71) (PRIN) has’ three 
positions, OFF, IN, and AL, to inhibit or to enable the 
power recovery (PWST) interrupt and power recovery via 
auto-load (PRAL) interrupts. 


In OFF position neither interrupt is issued upon 
recovery. 


In IN position the power recovery interrupt is 
enabled and the auto-load interrupt is inhibited. 


In AL positon, the power recovery via auto-load 
interrupt is enabled and power recovery interrupt is 
inhibited. 


The auto-load interrupt can only be issued if the 
system contains an auto-load module (ALD). 


2.1.6 Line Frequency 


The LINE FREQ switch (870) (LFIN) inhibits or 
enables the line frequency interrupt (LFRQ) (JIFFY 
CLOCK). Turning the switch OFF inhibits the line 


frequency interrupts. In the ON position, the line 
frequency interrupt is enabled and a level 4 interrupt 
service request is issued once during each line 


frequency cycle, 


2.1.7 Optional Functions 


Several optional functions’ are available as 
jumpers or switches on the switch panel. 


The On switch position has the same effect as 
connected jumper; the OFF position the same effect as a 
disconnected jumper. The switches or jumpers are 
described in table 3. 
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Table 3. Optional Switch/Jumper Functions. 


! Switch or ! Jumper ! ! 
! Jumper ! Position ! Function ! 
Ym a ee eee ! 
! ! ! ! 
! BYTE (S66) ! ON ! Only bytes are read or ! 
! ! ! written. Full word can ! 
! ! * OFF ! be read or written. ! 
! ! ! ! 
Ym a er renee ! 
! ! ! ! 
! INCREMENT } ON ! Address increments ! 
! CONTINUOUS t ! continuously during read! 
! READ OR WRITE ! ! mode if S68 (below) is ! 
! ADDRESS (S67) ! ! ON; during write mode if! 
! ! * OFF ! §688 and S69 are ON. ! 
! ! ! Address increment ! 
! ! ! disabled during ! 
! ! ! continuous read/write ! 
! ! ! mode. ! 
! ! ! ! 
! CONTINUOUS ! ON ! Enable continuous ! 
! READ/WRITE ! ! read/write mode. ! 
! (868) ! ! ! 
! ! * OFF ! Disable continuous ! 
! ! ! read/write mode, ! 
! ! ! ! 
! ! ! ! 
! WRITE ! ON ! Allows address increment! 
! INCREMENT ! ! during write. ! 
! (869) ! ! ! 
! ! * OFF ! Address does not ! 
! ! ! increment during write. ! 
! ! ! ! 
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The * jumper positions are the standard settings 
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3 PROCESSORS 
3.1 Physical Description 


Each processor(CPU)module consists of two printed 
Circuit cards, the CPA and the CPC. These cards are 
interconnected by their backedge connectors (those 
Opposite the Infibus end). An ICM module connects the 
first CPU on a bus (or primary processor) to the _ BCU. 
The ICM module contains three connectors’ that 
interconnect the CPA, CPC* and BCU. 


In multiprocessor systems, the secondary Cor 
buddy) processor CPA and CPC* are interconnected by an 
IDM interconnect module containing two connectors. The 
CPU is always located in the first slot lett of the BCU 
(viewing the chassis from the insertion end). The CPA 
is always left of the CPC*. Secondary processors are 
always located in the slot to the left of the primary 
CPU. Secondary processors are always located in any 
slots to the left of the CPU. 


Edge connectors on the primary circuit cards are 
keyed to prevent improper insertion on the Infibus. 
However, circuit cards are not keyed _ to prevent 
improper relative slot locations, 


* In older systems a CPB may be used instead of a CPC. 
Both cards are functionally equivalent. 


CPA ~— 2102292601 


The CPA contains the ALU, ALU multiplexor (MUX), 
register file and Infibus interface logic. 


CPC -2102291G01 
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The CPC contains the microcode control logic and 


ROM storage. 


3.2 Specifications 


3.2.1 Power Requirements 


+#5V, +15V and -15V 


All voltages are plus or minus 1% 


3.2.2 Performance 

Instruction execution rate 
Arithmetic function process time 
Logical function process time 
Addressable registers 


Program Counter (RO) 16-bits 
General registers (R1-R7)16-bits 
Status register l6-bits 
Instruction register 

Firmware register A l16-bits 
Firmware register B 16-bits 
Halt/Run Control 


Interface registers 
Receiver register 
Transmitter register 
Address register 
Protect key 


Processors 


250 instructions 
per second (average) 


165 nanoseconds 
2 parallel 16-bit operands 


145 nanoseconds 
2 parallel 16-bit operands 
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Internal control registers 3 
E register 16-bit 
S register . 12-bit 
M register 36-bit 
Microcode memory 256-word, 36-bit ROM 
Lookup table memory 256-word, 8-bit ROM 


3.3 Instruction Set And Format Summary 


The basic processor in the Pluribus system is a 
mMicroprogrammed general purpose 16-bit minicomputer 
with 8 general registers (including a program counter) 
a status register, and a control register. These 
registers may be accessed externally by other devices. 
The multiprocessor architecture allows one processor to 
stop another, to examine and change its registers, and 
to restart the system. 


Most of our Pluribus systems use a general purpose 
processor that executes a 65-mnemonic instruction set. 
This processor functions as a central processor unit 
(CPU) in a single processor system, or as either 
primary processor (CPU) or a secondary processor in a 
multiprocessor system. The Infibus can accomodate up to 
three secondary processors, 


Every primary processor is connected with the BCU. 
This allows the processor to recieve system interrupts 
on priority levels 4 through 1, and to perform central 
processing functions, Secondary processors’7 have no 
control over system interrupts. 


There are 8 general instruction classes: MOVE, 
ADD, SUBTRACT, INCLUSIVE OR, EXCLUSIVE OR, AND, 
COMPARE, and TEST. Each of these instructions may use 
a variety of addressing modes including register-to- 


register, memory-to-register, register-to-memory, 
indexed, indirect, and auto-indexed. Rotate, shift, 
conditional branch, unconditional branch, and 


subroutine call instructions are also available. 
The bits in the processor’s status register test 


the branch conditions, and have tests for the following 
results: 
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result zero 

result negative 

carry on last arthmetic instruction 
register value odd 
overflow 

value greater-than on last comparison 
value equal on last comparison 

loop completion 


\ 


The branch can occur on either -value TRUE or FALSE. 
Instructions contain either one or two words. The 
processor’s status register contains 3 programmable 
flags. The software manuipulates these flags. 


The processor recognizes and generates 16-bit 


addresses. In addition, it contains a 2-bit KEY 
register which is settable by the SKEY instruction in 
the processor. The contents of this register are 


appended to the most significant end of the 16-bit 
address to generate an 18-bit address. Every memory 
access by a processor has these two bits appended. 
Certain of these 18-bit addresses are mapped into 20- 
bit system addresses described later. 


The processor operates on either 16-bit words or 
8-bit bytes of data. Bit 0 is identified with the low 
order bit and bit 15 with the high order bit. 


3.4 Processor States 


The processors can be in one of three. states: 
halted, running, or idle. Transitions between these 
states may be affected either by the processor itself 
or by external manipulation. The implications of each 
of these three states are as follows: 


Halt: No instructions executed, interrupts 
disabled, registers externally accessible. 


Run: Instructions executed, interrupts enabled, 
registers not externally accessible except 
control register. 


Idle: No instructions executed, interrupts enabled, 


registers not externally accessible except 
control register. 
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External references to registers which are not 
accessible will result in a QUIT, as described in 
Chapter 12. The IDLE state is entered from the running 
state by executing a WAIT instruction; the HALY state, 
by a HALT instruction. The RUN state is entered from 
the Idle state by the occurrence of an interrupt. 


External manipulation of these states operates as 
follows: 


The processor control register is the only register 
accessible while the processor is running. To halt 
a processor, a one is written to its control 
register. 


The processor normally halts when the 
instruction it is currently executing is completed. 
However, if the control register is read between the 
time that a zero is written to the control register 
and the time that the processor completes its 
current instruction, the halt signal will be lost. 
To guarantee that a processor does in fact halt, an 
algorithm such as the one in the following example 
is used: To guarantee an algorithm such as_ the _ one 
in the following example is used: 


L: Write 1 to the processor control register. 
Read some other processor register. 
If QUIT results go to L. 
At this point the processor is halted. 


To start a processor, one must initialize all 
important registers to needed values and store the 
number two into the control register. 


This is done as follows: 


1. Assure that the processor is halted. 

2. Initialize the program counter to the address of 
the program to be executed. 

3. Load the general registers with any values to be 
passed to the program 

4. Initialize the status register to specify the 
enabled interrupt levels, initial status flags, 
and programmable flags. 

5. Set bit 11 (hexadecimal constant 0800) to activate 
the processor. 

6. Write a 2 to the control register and to start the 
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processor. 


The ability to single-step through an instruction 
sequence 1s one of the processor’s advantageous 
features. The procedure for this function is identical 
to the procedure for starting a processor except that a 
3 is written to the control register instead of a 2. 


3.5 Quit Handling 


Processors requesting access to memory locations 
on 1/0 registers do so by directly or indirectly 
placing the desired address on the appropriate bus 
along with the required operation (e.g., read, write) 
and any required data(for a write operation). 


When the requested operation is complete, the 
processor receives a signal called DONE. If no device 
on the destination bus recognizes the relayed address, 
or if the device recognizing the address malfunctions, 
the DONE signal is not returned to the processor. 
Instead, after a fixed period of time, the BCU on the 
requesting processor bus will send a QUIT signal to the 
processor, causing a conventional interrupt. Requests 
by I/0 devices for I/0 busses yields an equivalent 
outcome. 


To determine if known devices have disappeared or 
if new ones have appeared, a device discovery routine 
in the reliability software searches system address 
Space, reads the device registers, and checks for 
resulting Quits. This mechanism requires an interrupt 
level routine which responds to Quits, and then passes 
the intormation back to the application program. A 
unique pattern surrounding the Quit instruction 
generates this routine. 


For example, to check for a QUIT occurring when 
location ABC is referenced you may write the following: 
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LDA A2, ABC 
NOP 
BR fo SSeS eS HSS SS Sea ! 
L: QUIT BRANCH ADDRESS ! 
! 
If no QUIT, program continues here,<--~-- ! 
The QUIT interrupt service, upon receiving 


control, would check to see if the two instructions 
following the one which caused the QUIT were NOP and BR 
. +4, If so, the QUIT service simply stores the two 
bytes starting at location L (the address of the 
instruction causing the QUIT plus 8) in the program 
counter and dismisses the interrupt. 


If the two instructions at L-4 and L-2 do not 
match the NOP BR. +4 pattern, the interrupt service 
routine handles the QUIT in the usual manner. 


Of course, references to ABC which do not cause 
QUITs cause the execution to continue at Lt+2 as 
indicated, Under the control of a microprogram stored 
in a Read Only Memory (ROM) on the processor module, 
each processor executes its respective instructions. 


3.6 Functional Description 


The microprogram is stored in one 1024-bit ROM 
microcircuit components. Each component is arranged in 
256, four-bit words. Therefore, the nine components 
store 256 thirty-six-bit control words that compose the 
microprogram. 


After each 36-bit control word is read out of the 
ROM (and sometimes modified), the word is decoded into 
13 fields to supply enabling and timing signals to 
functional elements throughout the processor. 


Figure 1 shows the general data flow between 
processor function elements. The functional elements 
can be grouped into three sections: Infibus interface, 
arithmetic-register, and microcode control. . 


26 Processors 


REV B Pluribus Board Configuration Manual 


The Infibus interface section logically 
interconnects the processor and the Infibus. The 
arithmetic register section performs arithmetic and 
logical functions under control of the microprogranm. 
The microcode control section stores, reads out, 
assembles and decodes the microcode control words. 


3.6.1 Infibus Interface Section 


The Infibus interface section consists of 
drivers/receivers that interconnect the processor and 
Infibus. This section also contains address 


recognition and decoding logic, three 16-bit registers: 
address (A Reg), data receive (R Reg) and data transmit 
(T Reg), the run/halt control flip-flops and a 
protect-key register. 


The A, R, and T registers are gated to the 
Arthimetic Logic Unit (ALU) through the ALU multiplexor 
(MUX) in the arthmetic-register section. The A 
register holds addresses placed on the Infibus when the 
processor is addressing a location in memory or a 
system register. The R register holds 16-bit data 
words received on the Infibus. The T register has 
left- and right-bit shift capability. 


The halt/run flip-flop enable processor’ control 
functions, and the protect-key bits (address bits AB16 
and AB17) enable Key 0 and Key 1 bits, respectively, on 
the Infibus. . 


3.6.2 Microcode Control Section 

The processor microcode control section consists 
of three registers: E, S and M, the ROM control 
storage, a ROM data lookup table, and microcode 
selection logic. 


E Register 


The E register holds 16 bits of data used _ to 
modify the next microcode word. 
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Fields in this register correspond to the macro- 
instruction word format and specify the instruction 
code, addressing mode, general register (R1 through 
R7), index register and, occasionally, a literal 
operand. E register bits 3 through 0 also operate as a 
loop counter, 


S Register 


The S register is a 12-bit counter that sequences 
mMicrosteps, addresses the ROM control storage, and is 
under control of the microcode word. The four most 
significant bits (bits 11 through 8) are always ZERO. 
Bits 7 through 0 are used to address the 256-word ROM. 


M Register 


The M register receives the 36-bit microcode word 
that specifies the action of the current microstep as 
well as controlling the next sequential microstep. M 
register outputs are decoded into enabling signals, and 
distributed with clock pulses throughout the processor 
as the processor control logic. 


ROM Control Storage 


Microcode control words are stored in the ROM 
control storage - a 36-bit by 256-word read-only memory 
consisting of nine 256 by 4-bit LSI microcircuits. The 
36-bit microcode word contains 13 fields that are 
decoded to select operands and specify control 
functions within the processor. 


Test and conditional skip or conditional branch 


microfunctions are provided to allow coding that 
minimizes the number of microsteps required per 
function. Functions of the 13 fields are summarized 
here: 
ae S Field - Specifies type of microcommand, The 
type may be a normal sequential step, special 
command, branch, memory synchronize, or 


conditional jump command, 
b. T and A Fields - Select one of l16-logical 


functions if T=ZERO, or one of l6-arithemetic 
functions if T=ONE, to be performed by the ALU. 
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c. C Field - Specifies option of adding or 
subtracting a Carry In to the ALU and _  =4also 
controls setting Carry and Overflow flip-flops. 


d. D Field - Selects the option of skipping the next 
micro order either unconditionally or based on the 
ALU output being all ONEs or the jump condition 
being met. 


e. X Field - Selects the X field of 12 registers in 
register file for an ALU input and/or an ALU 
destination. 


f. F Field - Specifies the X field modification for 
the next micro-instruction. 


g. Y Field - Selects R, A, or T register or literal 
fields L2 and Ll in the microcode (under control 
of the M field) for input to ALU. 


h. M Field - Operates with other fields to provide 
different functions. When Y=3, it controls 
mapping of literals L2 and Ll fields to the ALU’s 
Y input. When S=1 and L2=7, it specifies the type 
of shift to perform. When S=2, it is part of the 


branch address. When S=4 or 5, it specifies 
conditional jump codes. When S=6 or 7, it 
specifies. a bit position in the T register to be 
tested. 


1. L2 Field - When Y=3, it is part of the literal 
that is gated to the ALU Y input. When S=l, it is 
a special command. For S=2 through a “L2 
represents the most significant bits of the 
control storage branch or jump addresses. For Z=l 
and L1=0,4,8 or 12; L2 represents the four most 
Significant bits of the data lookup table address, 


je L1 Field - When Y=3, it is part of tthe literal 
that is gated to the ALU Y input. For S=2 through 
7, it represents the 4 least significant bits of 
branch or jump addresses. When Z=l1, the Ll field 
specifies bits to be used to generate ae special 
literal source or which field of the E register is 
to be used as the least significant four bits of 
the lookup table address. 


k. Z Field - This bit is used to enable. special 
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interpretation of L2 and Ll fields to select a 
field from the E register or other sources’ for 
generation of special literals on the next micro 
instruction (by modifying the Ll and L2 or M 
fields). 


1. W Field - Selects register file specified in X 
field and/or one of the A, T, or E registers or 
the loop counter to receive the ALU output. For 
W=5,6, or 7 both the register file and A, T, or E 
register are selected to receive ALU output, 
respectively. For W=0 or 4 the ALUI signal is 
copied into the ONEs flip-flop. For W=3 the four 
least significant bits are copied into the loop 
counter. 


ROM Data Lookup Table 


The ROM data lookup table is an 8=-bit, 256-word 
read-only-memory consisting of two 256 by 4-bit LSI 
Microcircuits. The lookup table is enabled and 
. addressed by the current microcontrol word in the M 
register and a 4-bit field from the E register. 


When enabled, its output is ANDed with the literal 
fields of the next ROM control word. Other status 
conditions, when enabled by the current ROM control 
word, also may be ANDed into the literal fields of the 
next ROM control word. 


The microcode selection logic forms the AND of the 
ROM control storage and the other enabled functions and 
places the control word into the M register. Through a 
look-ahead feature inherent in the processor, the next 
control word is read while the current word is 
executed. 


3.6.3 Master-Slave Modes 


The processors operate in either a master or slave 
mode. A processor operates in the master mode when 
addressing a system module; and in the slave mode when 
addressed by a system module. The master mode is’ the 
most common mode of operation when the processor 
executes programmed instructions and self interrupts. 
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If operating as a CPU, the processor allows’ the 
requesting device number to be received while in the 
slave mode, and thereby controls system interrupts on 
priority levels 4 through 1. Since the register file 
cannot be accessed by an external module (such as a 
control panel), the processor usually halts when 
addressed in the slave mode. However, the run/halt 
control register is accessible in either the halt or 
run modes and, as a result, a processor can be halted 
while running. 


3.6.4 Programming Considerations 


Several programming considerations are discussed 
in the following paragraphs: register addressing, 
ACTIVE-IDLE states, HALT-RUN control, interrupt control 
and multiple processors. 


Register Addressing 


Thirteen registers, addressable from the control 
panel, provide register display when the processor is 
in the HAL1t mode. Table 1 contains a list of the 
addressable registers and identifies their function in 
the processor. 


Active-Idle State 


Bit ll of the status register specifies, under 
control of the firmware, the operation mode that the 
processor assumes after executing an instruction or 
servicing an interrupt request. 


If bit ll is a Zero, the processor assumes’ the 
IDLE state. If bit 11 is a One, the processor assumes 
the ACTIVE state. 


The IDLE state is a simple loop operation with the 
Run flip-flop asserted. The processor interrogates the 
Halt flip-flop, and if the processor is a CPU, it looks 
for any enabled interrupt service requests, 


In ACTIVE state, the RUN flip-flop is asserted and 
the processor executes the next instruction in a 
program sequence or services an enabled interrupt 
request. 
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Table 1. Register Addresses 


! Register ! Register Address ! Register Name ! 
! Switch ! (Hex) ! ! 
! ! ! ! 
! 0 ! FFx0 ! General Register 0 (PC) ! 
! 1 ! FFx2 ! General Register 1 ! 
! 2 ! FFx4 ! General Register 2 ! 
! 3 ! FFx6 ! General Register 3 ! 
! 4 ! FFx8 ! General Register 4 ! 
! 5 ! FFxA ! General Register 5 ! 
! 6 ! FFxC ! General Register 6 ! 
! 7 ! FFXxE ! General Register 7 ! 
! 8 ! FFy0 ! Status Register ! 
! 9 ! FFy2 ! Instruction Register ! 
! 10 ! FFy4 ! Firmware A )address of ! 
! ! ! last instruction) ! 
! ll ! FF y6 ! Firmware B ! 
! 12 ! FF y8 ! Not implemented ! 
! 13 ! FFyA ! Not implemented ! 
! 14 ! FFyC ! Not implemented ! 
! 15 ! FFyE ! Halt/Run Control ! 
! ! ! ! 
x = 0, 2, 4, 6 for processors 0, 1, 2, 3 respectively. 
y = 1, 3, 5, 7 for processors 0, 1, 2, 3 respectively. 


Halt-Run Control 


The control register consists of two flip-flops 
that control HALT and RUN modes of operation. The Halt 
flip-flop is asserted or negated any time it is 
addressed. The Run flip-flop is asserted any time the 
processor is taken out of the HALT mode. 


The flip-flops are addressable from a _e control 
panel. The control register (Run/Halt flip-flops) read 
out is 0000 if the processor is running and FFFF if the 
processor is halted. 
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NOTE 
Since the CPU is incapable of servicing 
interrupts in the HAL1 mode, the programmer 
should ensure that a secondary processor 
does not place the CPU in this mode. 


The control register functions in four possible 
states. Table 2 identifies these states and _ the 
processor mode for the three meaningful states. Table 2 
is a list of four possible states for the control 
register, identifying the processor mode for the three 
meaningful states. Bit Zero of the control register 
controls the Halt flip-flop and bit one, the Run flip- 
flop. 


The Halt flip-flop is interrogated at the end of 
each instruction execution and, if asserted, the 
processor is halted. If the Halt flip-flop is negated, 
the processor is in the RUN mode or is executing a WAIT 
instruction. If both Halt and Run flip-flops are 
asserted, the processor executes one instruction at a 
time. This single instruction execution can be 
initiated by pushing STEP on the control panel. 


Table 2. HALT-RUN Control Codes 


! RUN ! HALT ! Mode ! Interrupts ! 
! ! ! ! ! 
1 Oo ! Q ! Not defined ! ! 
! 0 ?! 1 ! HALL ! Cannot be serviced ! 
! 1: ! O ! RUN* or IDLE* ! Allowed (if enabled) ! 
! 1 2! 41 ! STEP ! Allowed (if enabled) ! 
! ! ! ! ! 


am am a em ew eam ae Ges Gee Ge Gm ees Ge ae ee ew eee aw a ew ae es om OF oF ee a eT GF ow ee a OF oF aw OS am oF om GF as aE aw a GE oF OF a EF Om Ge Ge a Ge Gm oD 


! * RUN (ACTIVE) if bit 11 of status register is a one ! 
! RUN (IDLE) if bit 11 of status register is a ZERO ! 


Interrupt Control 


The CPU accepts a system interrupt only if a bit 
in the status register corresponding to the interrupt 
priority level is enabled, and the control panel’s 
master interrupt inhibit signal (INH) is absent from 
the Infibus. 


Processors . 33 


Pluribus Board Configuration Manual REV B 


Bits 15 through 12, of the processor. status 


register, control system interrupts 4 through 1, 
respectively. Zero enables and One disables the 
interrupt. When the CPU executes an interrupt, all 


system interrupt priority levels 4 through 1 are 
disabled. | 


The program is written to ensure that interrupts 
permitted during an interrupt subroutine are enabled by 
resetting corresponding status bits to Zero at 
execution time. 


Executive memory is reserved for interrupt 
control. The programmer reserves’ addresses 0000 to 
OO5F for system and self interrupt executive space, and 
provides the proper vector addresses for interrupt 
service routines, 


Memory executive space and the memory addresses 
assigned to each interrupt level appear in Table 3. 


Executive space for two self interrupts(level 5 


and 6) are available for each processor, in additioin 
to the space for four system interrupts. (See below). 
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Table 3. System and Self Interrupt Executive Space 
! ADDRESS THAT! STATUS ! ABORTED ! SERVICE ! 
6 ! CAUSED ABORT! ! INSTRUCTION ! ROUTINE ! 
! ! ! ADDRESS ! VECTOR ! 
! ADDROO 0028 ! ADDROO 002A ! ADDROO 002C ! ADDROO O02E ! 
! ADDRO1 0038 ! ADDRO1 003A ! ADDRO1 003C ! ADDROI1 OO3E ! 
! ADDR1O 0048 ! ADDR1O 004A ! ADDR1O 004C ! ADDRI1O OOGE ! 
! ADDR11 0058 ! ADDR1I1 005A ! ADDRI11 005C ! ADDR11 OOSE ! 
!UNIMPLEMENTED! STATUS !UNIMPLEMENTED! SERVICE ! 
5 ! INSTRUCTION ! ! INSTRUCTION ! ROUTINE ! 
! ! ! ADDRESS ! VECTOR ! 
! ADDROO 0020 ! ADDROO 0022 ! ADDROO 0024 ! ADDROO 0026 ! 
! ADDRO1 0030 ! ADDROI] 0032 ! ADDRO1 0034 ! ADDRO1 0036 ! 
! ADDR10 0040 ! ADDR1O 0042 ! ADDR1O 0044 ! ADDRI1O 0046 ! 
! ADDR11 0050 ! ADDR1I1 0052 ! ADDR11 0054 ! ADDR11 0056 ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
4} ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0018 ! OO1A ! OO1C ! OO1E ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
3 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0010 ! 0012 ! 0014 ! 0016 ! 
! ‘MODULE ! STATUS ! PROGRAM ! SERVICE ! 
2 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0008 ! OOOA ! O0O0C ! QOOE ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
1 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0000 ! 0002 ! 0004 ! 0006 ! 
Typical Interrupt Operation 
When the CPU acknowledges an enabled interrupt 
request, the firmware accepts the module address and 
interrupt number, and stores the requesting module 


address, 
contents 
interrupt 


(next 
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processor current status, 
instruction 
executive space. 


address) 


and program counter 
into 


system 
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The firmware then loads the service routine vector 
address into the program counter (RO), and vectors to 
the interrupt subroutine address with all interrupts 
disabled, 


Once the interrupt subroutine has been serviced, 
and to return to a a program executed prior to the 
interrupt, activate a Return-From-Interrupt instruction 
(RETN). This instruction replaces the status register 
with the previous processor status and loads the 
program counter (RO) with the address of the 
interrupted program’s next sequential instruction, 


If the CPU acknowledges a second interrupt betore 
RETN is executed, the CPU loads the new interrupt 
module address, status and program counter information 
in the executive space for the interrupt, and vectors 
to a new subroutine. Consequently, another interrupt 
should not be enabled on the same or previous level 
before either returning or saving the interrupt status 
in a return stock. 
Self Interrupts 


Each processor controls two self interrupts: 
unimplemented instruction and address abort, levels 5 
and 6, respectively. 


Unimplemented instruction (level 5) signals the 
system, and may be used for trapping to arithmetic or 
logic subroutines that simulate the operation of the 
unimplemented instruction. Address abort oor _ trap 
(level 6) avoids Infibus tie-up and notifies the system 
of an erroneous address or a unresponsive slave module, 


Since any one of four possible processors in a 
multiple processor system can execute self interrupts, 
four different sets of memory address locations are 
reserved within the system interrupt executive space 
for self interrupts (Reter to figure 3). 


3.6.5 Multiple Processors 


When a processing task is too large for the CPU, 
the work load is divided among additional processors. 
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Secondary processors may be added to do different 
tasks, subtasks to those required by the CPU, or a 
parallel task (the same task with different input 
data). The second, third and fourth processors are 
designated as 0OQ1, 02, 03, respectively. The CPU, 
electrically connected to the BCU, is automatically 
designated as 00. 


Regardless of the secondary processors” functions, 
the CPU schedules the work load, and passes data to 
memory or to the other processors if input is from an 
interrupt-driven device. 


If the CPU does not schedule tasks, the processor 
communications routine must be designed with great care 
so that the processors do not lock up. The status 
register of each processor establishes a communication 
link between processors, and thereby determines’ task 
status and passes information. 


Instructions from within the processor control the 
status register’s three flag bits (Fl, F2 and F3). 
These flag bits may also be used as a branch test,and 
may be interrogated by halting the processor. and 
reading its status register. 


When more complex information is passed between 
processors, a number of core memory locations are 
dedicated to each processor. These information blocks 
are then placed in these locations to await processor 
interrogation. Either incoming or outgoing information 
blocks may be used. 


All processors have unlimited access to memory. 
As a result, partitioning memory and using multiple 
processors on an Infibus with common memory requires 
caution. 


Software is designed to allow multiple processors 


to access the same programs, thus greatly reducing core 
memory requirements. 
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3.6.6 Configuration 


The following pages explain the necessary 
strapping to properly configure the CPA and CPC boards. 
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4 MEMORIES 
4.1 Functional Description 


Memory modules only operate in the slave _ mode, 
The address and mode control signals sent by a master 
module initiates memory operations. 


The memories perform one of three operations: 
read-restore, clear-write, or read~-modify-write. The 
mode control signals from the master module initiating 
the operation specifies the particular operation. A 
full word consisting of 16 bits, or a byte consisting 
of either 8 bits or 9 bits, for each respective model, 
can be transferred during any of these operations. 


During read byte operations, the memory module 
transmits the selected byte (left or right) in bit 
positions 7 through 0 on the Infibus data lines. The 
remaining bits are transmitted as zeros. 


During write byte operations, data bits 7 through 
O are transferred into either the lett or right byte 
position of the addressed memory location, and _ the 
other byte position of the word remains unchanged, 
Read~Restore Operation 


In the read-restore operation, a full memory cycle 
ls initiated when the memory module recognizes the 
address of an accessed location. Data at the accessed 
location is read out destructively during the read 
portion of the cycle, and transferred to the data 
register. The data is written back into the same 
location during the restore portion of the cycle. 

Clear-Write Operation 


In the clear-write operation, a full memory cycle 
is initiated. Data at the addressed location is read 
out destructively and discarded during’ the clear 
portion of the cycle. During the write portion of the 
cycle, the new data in the data Peete ree is transferred 
to the accessed location. 

Read-Modify-Write Operation 


In the read-modify-write operation, a split memory 
cycle occurs, The read portion of the cycle is the 
Same as the first half of a read-restore operation. 
The word or byte from the accessed location is sent to 
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the master module. The memory cycle is temporarily 
suspended to allow the master module sufficient time to 
modify the data. 


When modified, the data is returned to memory. The 
master module initiates the write half of the cycle, 
and the modified word is restored to the accessed 
location. The cycle time depends on the time the 
master module requires to modify the word and to- start 
the write portion of the cycle. 


4.2 Multiple Memory Modules 


In systems containing two or more memory modules, 
memory addressing can be modified to enhance operation 
for specific applications. Jumpers and/or switch 
settings on each memory module determine module address 
and addressing mode: overlap, interleave, or interlock, 


Overlap Mode 


In the overlap mode, two memory modules. are 
operated simultaneously within the same system, where 
the next cycle is started in the second memory module 
before the current cycle is completed in the first, or 
vice versa. Therefore, the time required on the 
Infibus for communication with the master module is 
Minimized. This capability is inherent in computer 
systems that contain two or more memory modules. 


Each memory module contains its own data _ and 


address registers SO that each may operate 
asynchronously and independently of other system 
modules. The overlap mode can be used either by a 


single master module alternately reading data from, or 
writing data into, two memory modules; or by two or 
more master modules, where each operates with a 
separate memory module, 


For example, a processor can be executing 
instructions from one memory module while an 1/0 
controller with a block transfer adapter 1s 


transmitting data received from a peripheral device to 
a second memory module. 
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Interleave Mode 


The interleave mode is an extension of th overlap 
mode, To enhance the overlap mode in configurations 
having one master module operating with two memory 
modules, the memory can be modified by jumper wires to 
operate in the interleave mode. 


Interleaving is accomplished by interchanging 
address bit positions 1 and 13 for 4K memories, and 1 
and 14 for 8K memories throughout the entire storage 
address decode logic. One memory module is made to 
contain even-numbered word addresses, the other bank 
odd-numbered word addresses. With this arrangement, a 
single proccessor receives or transmits alternately 
data addressed consecutively from, or to, the two 
memory modules. 


Interlock Mode 


The interlock mode inhibits the overlap mode. 
Threfore, a new memory cycle cannot begin in any memory 
module until the current cycle is completed. 


To implement the interlock mode, the- memory 
modules are provided with a special jumper to disable 
the inherent overlap mode. Moditication to this mode 
is used to minimize power consumption when system 
performance can be reduced. 


4.3 Programming Considerations 


Memory operations can be initiated only when the 
applied module address code matches the assigned, 
hardwired memory address code. Thereafter, memory 
Operatins are controlled by cycle-initiation, byte- or 
word-mode, and other control signals that are stored in 
the control storage register. 

Memory Addressing 

All memory locations in a Pluribus Computer System 
are assigned a 16-bit address. Coding of the address 
is shown in figure 1] and is described as follows: 


1. Address bits 13, 14 and 15 specify the 4K _ module 
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address; bits 14 and 15 specify the 8K module 
address. 

2. Address bits 1 through 12 for 4K modules and bits 1 
through 13 for 8K modules, specify the storage 
location within the selected memory module, 

3. Address bit 0 specifies which of the two bytes in 
the selected storage location is to be accessed 
during the byte mode operations: ZERO specifies 
left byte; ONE specifies right byte. 

4. Address bits 16 and 17 specify the KEY bits, which 
correspond to Infibus signals KEYO-N and KEYI1-N, 
respectively. If this option is enabled, the KEY 
bits can be used by the program as a code to enable 
and disable access to portions of memory. 


Memory Addressing 


4K MEMORY 
IKEY!IKEY! ! Module ! Word IBYTE! 
!i1i!o0! ! Address ! Address ! ! 
17 16 15 13 12 1 0 
8K MEMORY 
IKEY!IKEY! ! Module ! Word IBYTE! 
{1 ! 0 ! ! Address ! Address ! ! 
17 16 15 14 13 l 0 


System Addressing 


| One memory module in any Pluribus system must be 
addressed ZERO so that the auto-load, interrupt, power 
fail and restart functions are operative. All other 
memory modules are assigned addresses consecutively, 
ONE, TWO, THREE and so forth. 


The first 24 word addresses in module ZERO are 
reserved for executive space to store status, program 


counters, interrupt vectors and device interrupt 
identifiers. Also, the first 256 word addresses are 
addressable directly with some control class 


instructions that use an absolute address mode, 
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The 1l16-bits of the system address registers 
detine the address space as 0000 through FFFF hex. 
This space represents 32K words or 64K bytes of unique 
memory storage locations, 


However, address FO00 through FFFF hex are 


reserved to uniquely identify the various 1/0 
controllers and system hardware registers which are 
directly addressable. This 2K word address space is 


larger than required, so in conventional practice, I/0 
controllers and system modules are assigned addresses 
in the range F800 through FFFF hex, leaving F000 
through F7FF hex for the customer, either to be used 
as memory address space or for addressing custom 
modules. 


4.4 TAG,SID,EXY - Magnetic Core Memory 


TAG - 2102304601 
SID - 2102299G01 
EXY - 2102299G01 


4.4.1 Purpose 


The Magnetic Core Memory, the first memory used 
with a Pluribus system, provides storage space within 
the Pluribus for the programs” diagnostics and data. 


Core memory is non-volatile. Consequently, all 
data is preserved during power failures up to and 
including forever. 


4.4.2 Description 


Each memory module is contained on three printed 
circuit (PC) cards. The core mats and the solid state 
circuitry required to implement the memory logic is 
contained on the circuit cards. The cards plug into 
the Infibus at one end and terminate at the other’ end 
into an interconnect module (ICM). 
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The ICM module is the cap that fits across’ the 
outside edge of all three cards and provides one-for- 
One bussing of intra-module signals between the three 
PC cards. 


The cards are designated: 


TAG - Timing and Gating 
SID - Sense/Inhibit Data 
EXY - Electronics X- and Y-Drive 


Core mats contained on the EXY card are planar 
arrays using 18-mil lithium-ferrite cores. The 
Location of the three PC card slots is not fixed. 
However, the cards must be adjacent and consecutive, 
thereby eliminating any vacant slots between the 
memory modules and the processor. The 3 cards are 
normally inserted into the Infibus in the following 
way: the TAG on the right, the SID in the middle, and 
the EXY on the left. 


4.4.3 Power Requirements 
+15 volts 


+ 5 volts 
-15 volts 


4.4.4 Performance Criteria 


Cycle Time 800 +/- 25 nanoseconds 
875 +/- 25 nanoseconds 
Write-access Time 280 nanoseconds 
Read-access Time 460 nanoseconds 
500 nanoseconds 


4.4.5 Configuration 


The following pages explain the strapping 
necessary to properly configure the TAG-SID-EXY Memory 
Boards for use on the local or common bus. 
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4.5 SME -— Semiconductor Memory 


SME - 2102550G01 


4.5.1 Purpose 


The SME memory board was designed to increase the 
memory capacity of a Pluribus bus. 


The SME memory is volatile, signifying that all 
data is not preserved during power failures up to and 
including forever. A battery pack is available _ to 
eliminate this problem during short power outages. 


4.5.2 Description 


The SME is a single~board with 16K words of 
memory. The SME’s ability to replace 8K words of core 
memory in 3 bus slots with 16K words of memory in one 
bus slot establishes the SME as a desired replacement 
for the TAG-SID-EXY core memories. 


4.5.3 Performance Criteria 


Cycle Time 800 +/- 25 nanoseconds 
875 +/- 25 nanoseconds 
Write-access Time 280 nanoseconds 
Read-access Time 460 nanoseconds 
500 nanoseconds 


4.5.4 Configuration 
The following pages explain the strapping 


necessary to properly configure the SME memory for use 
on the local bus or common bus. 
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5 BUS COUPLERS 


The bus coupler is a device which allows 
transactions on one bus to be transformed into 
transactions on another bus, as determined by the 
address. The bus coupler is composed of one card on 
each bus and connecting cables. There are three card 
types: BCP, BCM, and BCI. These cards make up the 
various coupler types. 

Bus Bus Card Card 
Type Type Type Type 
1 2 ] 2 
P M BCP BCM 
P I BCP BCM 
I M BCI BCM 
P M/I BCP BCM 
M/TI M/I BCI BCM 

P = processor bus 

M = memory bus 

I = I/O bus 

M/I = memory and I/0 bus 


5.1 A Typical Scenario 


Consider a processor reading a data word from 
common memory. 


fc! ! ' ft Y YF £ Y Yt ft YP!IPtc! Processor Bus 


Pro:t!?: ts t tt ft ratetu! 
| ieee 
/ 
!r?!:rtdt: tt tot t UBrsBt! 
!!t! ft ft IMIEIMIOIRI!YIctc! Memory Bus 


Ltd. a@ ob ok 2 I te 
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The processor first requests and then gains access 
to the Processor bus. The processor generates an 
address corresponding to the location it wishes to 
reference. The BCP recognizes this as a non-local 
address, and passes the request down the cable to. the 
BCM. The BCM, in turn, decides that this address is 
relevant to its bus, and requests a cycle on the Memory 
bus. 


When the cycle is obtained, the BCM passes’ the 
address. The memory recognizes this address, and 
delivers the fetched data and a DONE signal. The BCM 
accepts this data, passes it up the cable to the BCP, 
and releases the Memory bus for the next cycle. 


The BCP,in turn,places the data on the Processor 
bus for the waiting processor, until the processor is 
free to release the Processor bus. To the processor, 
it appears as if it has addressed a slave with slow 
response on its own bus. 


The memory similarly believes that it has_ been 
accessed by a local master. This is the model for all 
bus coupler transactions, 


Since the bus coupler is in the critical path 
between the processor and the memory, it is a 
convenient place to perform address mapping and parity 
checking. 


5.2 BCP 


BCP —- 2100528601 


Each BCP contains four 7-bit map registers for 
each of the four possible processors on the Infibus. 
The map registers are numbered 0-3, and are located in 
the address space of each processor at locations FCQO0- 
FCO6. 


Each processor has its own set of map registers, 
selected by bits 16 and 17 of the 18-bit address of 
data on the Infibus. These two bits are specified by 
the last execution of the SKEY of JKEY instruction in 
the particular processor. 
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Writing the new contents of the map to the 
corresponding address FCO0O, FCO2, FCO4, or FCO06 
modifies the map registers. The high order 7 bits of 
the word written becomes the new contents of the map 
register. The other bits are ignored. In general, bus 
coupler registers are written but not read. Reading a 
map register gives a result of zero and does not change 
the register. Infibus RESET does not affect the 
contents of the map register. The contents of the map 
registers are unpredictable at power-up. 


During forward (normal) bus coupling the BCP is a 
Slave device on its bus, and the BCP transforms each 
18-bit processor address into a 20-bit system address 
to be sent to the BCM. 


Each processor’s address space is divided up’ into 
7 components: 


Addresses Description 

0000-3FFF References to Local Memory 
4000-5FFF Transform address using map 0 
6000-7FFF Transform address using map l 
SO000-9FFF Transform address using map 2 
AOOO-BFFF Transform address using map 3 
COOO-FBFF Transform address to I/O space 
FCOO-FFFF Reterences to Processor 


Registers and Local I/0 space 


The BCU ignores addresses within OOO0O-3FFF or 
FCO8-FFFF. The other 4k words ranges of the processor 
address space is transformed via an an address_ map. 
The BCP forms a 20 bit system address by preserving the 
low order 13 bits of the 16-bit processor-generated 
address while replacing the high order 3 bits by the 
7-bit contents of the corresponding map register. 


16-bit addresses in the segment COOO-FBFF are 
referenced to Pluribus I0 device registers. The system 
address for such a reference consists of appending four 
bits of 1%s to the most significant portion of the 
address. 


When the BCP transforms(maps)an address, this. 


mapped address, any data, and one of the control 
operations (read, write, read-modify-write, byte) are 


58 Bus Couplers 


REV B Pluribus Board Configuration Manual 


transmitted from the BCP to the attached BCM through a 
cable. 


The BCM uses the control operations to generate a 
bus access on the target bus. The target bus is usually 
identical to the bus access on the source bus with’ the 
exception of the mapped address. The control 
Operations will be used by the BCM to generate a bus 
access on the target bus, generally identical to the 
bus access on the source bus except for the 
transformation of the address. 


Read operations using map 3, however, are changed 
into read-modify-write accesses on the target bus 
(where the write data is zero) to implement locks for 
multiprocess communications. 


Write and read-modify-write operations through map 
3 are unaffected. 


When backwards bus coupling is enabled, the BCP 
acts as a Master on its bus and simply passes along the 
18-bit references generated by the BCM at the other end 
of the cable. 


5.3 Configuration 
The following pages explain the necesary strapping 


to properly configure the BCP board for BBNCC 
applications. ; 


Bus Couplers 59 


Pluribus Board Configuration Manual REV B 


5-4 BCM 


BCM - 2101861601 


When a processor accesses a shared resourse on a 
memory or I/0 bus, all of the BCP’s on the source bus 
map the initial address and pass it along to the BCM 
end of the bus coupler. 


Similarly, when an I/0 device accesses a_e shared 
resource on a memory bus, all the BCI’s on the source 
bus transmit the initial address to their BCM end. 
Each BCM then determines if the address sent to it is 
one to which it should respond. If it is not, the BCM 
simply ignores the request. If it is, the BCM requests 
access to its Infibus. 


When the BCM receives control, it transfers’ the 
20-bit address, any data, and all control signals to 
the bus and returns any responses received to the 
originating end(to the BCP or BCI) of the bus coupler 
pair. The Address Recognition Switches described below 
determine the addresses to which a BCM responds. 


There are two important reasons for making the bus 
coupler perform address discrimination: 


1. To reduce hardware contention. 


If each BCM simply passed all addresses to 
the containing bus, every processor reference to 
common memory would be in contention for each 
memory bus rather than just the single bus on 
which the referenced memory was located. 


A similar contention problem would exist for 
processor references to I/0 busses and 1/0 
references to common memory. 


2. To eliminate multiple responses by the connected 
busses. 


Since a bus always responds either positively 
(by DONE) or negatively (by QUIT), one DONE and 
multiple QUITs would result from every access toa 
common memory if address discrimination was not 
accomplished, The QUITs would, of course, confuse 
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the device that previously requested the access 
Since it would already have taken actions based on 
the previous DONE. 


This same issue is_ the motivation for 
configuring Pluribus systems SO that BCMs 
connected to different busses recognize disjoint 
areas of system address space. In general, the 
addresses recognized by all BCMs connected to the 
same bus are identical. 


5.4.1 Switches 


The BCM contains several physical switch or jumper 
registers which must be manually set and a single 16- 
bit control register which may be referenced under 
program control. The switch registers along with the 
number of bits (switches) in each register are 
indicated below: 


Switch Register Number of Bits 
MEMSW (Memory or I/0 Bus) 1 

BCM CONTROL REGISTER ADDRESS 6 

BCM ADDRESS RECOGNITION: 

BASE 8 
RELEVANCE 8 


The algorithm used by the BCM for address 
discrimination is as follows: 


If the BCU receives a 20-bit address less’ than 
FC000, then the high order 6 bits of the address are 
compared against the high order 6 bits in the BCM 
ADDRESS RECOGNITION switches. 


The comparison is satisfied for a particular 
address bit, if either the corresponding RELEVANCE 
switch is OFF, or the RELEVANCE switch is ON and_ the 
address bit matches the corresponding switch (bit) in 
BASE. If all 6 high order bits satisfy the comparison, 
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then the BCM accepts and uses it to request a bus 
access. 


Typically, the BASE and RELEVANCE switches are set 
to recognize a contiguous portion of system address 
Space. Setting the high order 6 bits of BASE to’ some 
starting address and turning off some number of low 
order switches (within the high order 6) in RELEVANCE 
accomplishes this task. Of course, other settings of 
RELEVANCE switches implement more complicated memory 
access patterns. 


If the 20-bit address passed to the BCM is greater 
than or equal to FC000, and MEMSW is on, the BCM does 
not recognize the address. 


If the address is greater than or equal to FCOQOO, 
and MEMSW is off, bits 11 and 12 of the address must 
Satisfy the comparison test described above (with 
respect to the two low order bits of the BCM ADDRESS 
RECOGNITION switches) in order to ensure that the 20- 
bit address is recognized and placed on the I/O bus. 


5.4.2 Control Register 


The BCM contains one internal register, the BCM 
Control Register. 


These control registers are _ located at the 
beginning of one of the address space segments 
recognized by the bus connected to the BCMs. 


The 6-bit BCM CONTROL REGISTER ADDRESS'~ switch 
specifies the precise location of a  BCM Control 
Register. The number set in this switch supplies’ the 
BCM Control Register with displacement (in words) 
information from the starting address of the control 
register block. 
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To be more precise, the address of each BCM control 

register is: 

Address Bits From 

14-19 High order 6 bits of BCM 
ADDRESS RECOGNITION BASE 
switches if MEMSW on 


If MEMSW off, 1 


13 Negation of MEMSW 

big 12 Low order 2 bits of ADDRESS 
RECOGNITION BASE switches 

7-10 0 

1-6 Contents of BCM CONTROL 


REGISTER ADDRESS switches 
0 0 


The control Registers for BCMs on a memory bus and 
those on an an I/O bus differ in one respect. Those on 
a memory bus share addresses with the memory devices on 
that bus, whereas those on an I/0 bus do not share 
locations with any 1/0 device. Since devices 
referencing BCM control registers expect a single DONE 
signal upon completion of an access, the BCM works as 
follows: 


If MEMSW is on, the BCM does not return a DONE since 
references to the memory device returns the DONE 
Signal. 


If MEMSW is off, the control register acts as a 
device in its own right. Since there are _ no 
"overlapping devices", the BCM generates and returns 
a DONE signal for references made to its control 
register. 


BCM and memory devices share the same address when 
the BCM control is read or written. For BCMs attached 
to 1/0 busses, reading will return 2100 if the attached 
bus is up (operational) or 0 if the bus is in the 
process of going down due to a power failure (of course 
a QUIT is returned if the attached bus is completely 
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down). 


If the BCM shares the address of its control 
register with a memory module, however, this 2100 or 0 
is Inclusive-Or’ed with the contents of the associated 
memory word. For this reason, and to permit proper 
Operation of the Pluribus system parity mechanism, any 
read of a BCM control register is normally preceded by 
a write of zero to the control register. This clears 
any "shadow" memory location. Since the password is 
incorrect, it does not affect the control register 
contents. 


The BCM control register has two latches which 
respectively allow forward (BCM-to-BCP) and backward 
(BCP-to-BCM) requests. The control register also 
allows a reset of the processor bus on the attached 
BCP. To make any change in the state of the _ control 
register, the high order 13-bits of the data word 
written must also contain the DE78 hex pattern (the 
password). If the BCM control register is on a memory 
bus and if the key does not match, a DONE repsonse is 
returned. If BCM control register is on an I/O bus and 
the key does not matech, a QUIT response is returned. 
The lower order 3 bits have the following effects: 


bit 2 (4) enables backwards data transfer(backwards 
bus coupling) 


bit 1 (2) enables forward data transfers 


NOTE: 1 = enabled 0 = disabled 


Bit 0 (1) if zero causes a reset of the bus on the 
attached BCP; otherwise it does nothing. 

NOTE: The state of the latches is changed every time 
(but only when) the high order bits match the password 
pattern. Furthermore, backwards coupling should be 
enabled only if MEMSW is off. On reset and power-up, 
forward coupling is enabled, and backward coupling is 
disabled. A read of the control register has no effect 
on its contents, 
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5.5 Backwards Bus Coupling (BBC) 


BBC is used to initiate an access on the bus 
associated with the BCP, on behalf of an access on the 
BCM bus (usually an I/0 bus). This path allows 
processors to access other processor’s address space, 
and thus start and stop processors and inspect’ and 
change local memories. Before a BBC-access can take 
place, the individual BCM attached to the desired 
processor bus must be enabled for BBC as described 
above. 


Since two BCMs cannot be enabled for the _ BBC 
Simultaneously, a software lock is usually used to 
sequence BBC usage. 


BBC uses a block of eight words in system space. 
This block is located at the beginning of the second 
segment of each I/0 bus address space plus 80 hex. 
Thus the address of the first word of the block is as 
follows: 


I/O bus 1 FEO80 

I/O bus 2 FE880 

1/0 bus 3. FFO80 

I/O bus 4 FF880 
Each BCM uses address recognition switch A, 
positions 7 and 8, to determine which of these 


addresses it will recognize. The eighth word of the 
BBC block (described above) is the map register, and 
holds the high order 15 bits ‘of the processor bus 
address to be accessed with BBC. The high order 13 
bits (FFF8) of the data word written to the map specify 
the corresponding bits of the address within a 
processor’s address space. 


Bits 2 and 1 (6) select which processor’s address 
space (of four on a bus) is used. The 0 bit (1) is 
ignored, 


The map register may only be accessed when the 
desired BCM is enabled for BBC; otherwise a QUIT 
results. Contents of the map are not affected by any 
references other than to the map register. Reading the 
map gives a zero and also sets its contents to zero. 
Reset and power-up clears the map. 
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When a BCM is enabled for BBC, an access to one of 
the first four words of the BBC block is transformed 
into an access on the bus of the attached _ BCP. The 
value of the map register determines the address of 
this access, and the displacement of the originating 
access from the beginning of the BBC block. Thus, 
setting the map register causes a mapping of the first 
four words of the BBC block on the _ BCM bus (the 
"window") onto four words of the BCP bus. 


Write, read, and byte operations are transformed 
into corresponding accesses. A read-modify-write 
access through the BBC window is not allowed. Since 
the request paths of the coupler are full-duplex, it is 
possible for forward and backward requests to happen 
Simultaneously. Since the continuation of either must 
wait for the completion of the other, a potential 
deadlock exists. The deadlock is prevented by the bus 
controller (BCU) on the 1/0 bus. The 1/0 bus BCU 
times-out the BBC requests via a QUIT, aborting the 
backwards request. The I/0 bus quit causes the BCP to 
abandon the BBC request initiated by the BCM, and the 
forward request continues to completion. 


Review of MEMSW functions - when off: 


1. allows recognition of I/O address 

2. causes a DONE to be given on accesses of the 
control register 

3. adds 2000 hex to address of control register 

4. allows BBC to be enabled 

5. ensures that the control register address is in 
I/O space 


5.6 Configuration 
The following pages explain the necessary 


strapping to properly configure the BCM board for BBNCC 
applications. 
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BCI - 2100168601 


The BCI serves in place of a BCP when coupling an 
I/O Infibus to a memory Infibus. Its relation to the 
BCM is identical to that of the BCP with the following 
exceptions: 


(1) No address mapping is performed (devices on 1/0 
busses generate 20-bit addresses). 

(2) Any address less than FCQ00 (with any data and 
control signals) is passed directly through the 
BCI to the BCM. 

(3) Any address greater than or equal to FCO00O is 
ignored. 

(4) Read, write, read-modify-write, and byte 
Operations cause the corresponding accesses to be 
performed, 


Devices on an 1/0 Infibus cannot directly 
communicate with any 1/0 devices on another 1/0 
Infibus; any such communication must be done via common 
memory. The BCI-BCM bus coupler cannot be used for 


backwards bus coupling. 


5.8 Configuration 
The following pages explain the necessary 


strapping to properly configure the BCI board for BBNCC 
applications. 
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5.9 Power Sense 


Each end of the coupler senses the logic’ supply 
voltage of its other end. If it falls below an 
internal reference, all control signals from the other 
(or remote) end are ignored. 


References involving only the coupler card on the 
(local) bus where power remains up,(e.g. the BCP map 
when the memory bus is down) are unaffected. 
Furthermore, when a power-down sequence is detected by 
a (remote) BCM, the attached (local) BCP causes a level 
1, device code 1 interrupt (external attention) on its 
(local) bus. The (remote) BCM does not assert data bits 
13 and 8 (2100) on a read of its control register. The 
power-down sequence (the interrupt signal and blocking 
of the BCM data) occurs 2.5 ms before the power loss 
affects the remote bus. 


5.10 Parity Generation/Checking 


The calculated parity is called "Address XOR Data" 
parity or AXD parity for short. 


AXD parity involves two parity bits for each 16- 
bit word, one associated with each 8-bit byte. Each 
parity bit is calculated as the exclusive-OR of the 
address parity and contents parity of the byte. 


This parity function detects: 


(1) one data bit in error (2) all data bits 
zero (3) all data bits one (4) one address 
bit in error 


No parity checking is done for BBC transfers, 


There are two basic parity schemes: CLASSICAL and 
FEEDBACK 


When a processor accesses memory with classical 
parity (write source generated parity), the BCP on 
write accesses generates the parity bits. These bits 
are passed through the BCM and stored in memory along 
with the data. During a read access, the parity is 
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fetched from memory and passed through the BCM with the 
data to the BCP where the parity is checked. 


In feedback parity, (write source checked parity) 
the parity always flows towards the BCP for both read 
Or write access. Thus a read access is essentially 
Similar to a read access with classical parity. 


On a write access, however, a device on the memory 
or I0 bus (the PAR for the Pluribus), computes the 
parity of the arriving data and address, stores it with 
the data, and sends it back to the BCP for checking. 


The feedback parity scheme has the advantage of 
detecting some errors sooner, but at the cost of 
requiring a separate parity generator. In all cases, 
if the parity check discovers an error, the BCP issues 
a QUIT. Both halves of read-modify-write and lock 
access cycles are checked independently. If there is a 
parity error during the first half-cycle, a QUIT is 
issued immediately, and the write half-cycle does not 
take place. 


The BCI performs exactly the same parity functions 
as a BCP. For couplers to memory busses that contain 
standard memories (from either processor or I/0 busses) 
classical parity is usually used. 


A bus coupler between the processor and I/0 busses 
has an additional problem. Since the data read from a 
location on I/0 bussess is different from that 
previously written (if any), the parity cannot be 
stored with the data. Hence another device (PAR) on 
the 1/0 bus, generates parity for all accesses on that 
bus. 


With the coupler configured for feedback parity, 
all references are checked, at least through the 
coupler. An option jumper, provided on the BCM to 
delay the effective time of receipt of the DONE pulse, 
gives the PAR time for the parity computation. When a 
PAR is not used, the normal DONE may be used. Accesses 
to M/I busses involve several cases. 


Small Pluribus systems may have both memory and 
1/0 devices on the same bus (MI bus). A transfer 
between an I/O device and memory on an MI-bus’ can 
escape parity checking. To ensure parity checking MI 
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buses are configured with PAR cards. The usual MI-bus 
configuration involves setting the bus couplers (BCMs) 
for the feedback card, configuring them to generate 
parity on all access cycles except memory read cycles 
and then located on the M/I_ bus. As a result, a 
processor referencing I/0 works in the same manner as 
if it were on a separate standard I/0 bus; the memory 
looks to the processor as if it were a memory that 
supports feedback parity. 


An option jumper is also provided on the BCP to 
disable parity checking. In this mode, all parity 
circuitry is enabled, but if an error is detected, it 
is ignored and a DONE returned. 


Another jumper on the BCP allows a shorter access 
time if no parity checking is needed. 
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6 BCU - BUS CONTROL UNIT 


BCU - 2102293601 


6.1 Purpose 


The purpose of the BCU is to control who has_ use 
of the bus at any one time. When it is used on a 
processor bus it enables the connected processor, via a 
tophat, to receive system interrupts on priority levels 
4 through 1, and to perform central processing 
functions. 


6.2 Configuration 
The following pages explain the strapping and 


options necessary to properly configure the BCU, 
depending on its application, I.E. processor bus, etc. 
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7 BXD/BXR 


BXD - 2102295G01 
BXR - 2102296G01 


7.1 BUS EXTENDERS 
7.1.1 Purpose 


Bus Extenders are designed to increase the circuit 
card Capacity of a bus by interconnecting two 
Infibusses. The following configurations are possible: 


1. Using two l6-slot Infibusses, makes available 29 
slots plus one slot for the BCU and two slots for 
the BXD/BXR combination. 

2. Using one l6-slot and one 24-slot Inbibus, makes 
available 37 slots plus one slot for the BCU and 
two slots for the BXD/BXR combination. 

3. Using two 24-slot Infibusses, makes available 45 
slots plus one slot for the BCU and two slots for 
the BXD/BXR combination. 


7.1.2 Description 


A bus extension consists of one BXD card, one BXR 
card and two BEX cables that interconnect the BXD and 
BXR. The cables have a special design that suppresses 
noise. In an emergency one of the console cables may 
be used until the proper BEX cable arrives. 


The Bus Extender Driver (BXD) is installed into 
the slot lett of the last-occupied slot in the main 
chassis. The BXD is the last circuit card in the 
precedence chain of the main chassis. 


The Bus Extender Receiver (BXR) is installed into 
the right-most slot in the auxiliary chassis. The BXR 
is the first circuit card in the precedence chain of 
the auxiliary chassis. Cards may be located in either 
chassis except in those for the BCU, Processors, and 
bus couplers, which are located in the main chassis. 
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Generally, devices that are accessed infrequently, 
such as the control panel, auto~load, and PSB are 
located in the auxiliary chassis. 


The RTC/RTT is located in the auxiliary chassis in 
the last-occupied slot. This location 1s chosen to 
avoid the interference that would occur if the RIC was 
located on the main chassis. 


7.1.3 Extended Lines 


Extended bus lines are interconnected on a one- 
for-one basis. Signal designations at the cable 
drivers/receivers are prefixed by the letter C but are 
the same as those for the Intibus. 


Most of the extender lines are bi-directional.A 
signal is driven and received on a single line by both 
the BXD and BXR. These include the address, data and 
mode control lines. 


Three extender lines, Strobe (STRB-N), Half Cycle 
(HCYC-N), and Quit (QUIT-N) are driven and received on 
separate lines by both the BXD and BXR. Another twelve 
lines of the extender are driven only by the BXD and 
received by the BXR and ten lines are driven only by 
the BXR and received by the BXD. Power fail/restart 
line PRIN-N, PRAL-N, PRIN-N and LFIN-N are extendea and 
contain no drivers or receivers in either the BXD or 
BXR. 
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7.1.4 Non-Extended Lines 


Twelve lines on the Infibus are neither extended 
nor driven in the bus extender. These lines are not 
shown in Figure 1 and are listed here for reference 
only: 


Infibus Line Pin 
BTIA-N P1-A30 
BTIB-N P1-B30 
BI2A-N P1-A3l 
BT2Z2B-N P1-B31 
BT3A-N P1-A32 
BT3B-N P1-B32 
BT4A-N P1-A33 
BT4B-N P1-B33 
PCDB-N P1-B25 
SELC-N P1-B34 
LFRQ-N P1-BO07 
(Reserved) P1-B50 


721.5 Configuration 
The following pages explain the necessary 


strapping to properly configure the BXD and the BXR 
boards for BBNCC applications, 
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8 LOAD DEVICES 
8.1 ALD - AUTO-LOAD 


ALD - 2102294601 


8.1.1 Purpose 


The Auto-Load card is a module that provides 
automatic loading from the paper-tape reader or 
cassette. cassette. 


The auto-load signal (ATLD-N). from the control 
panel causes the auto-load card to transfer the boot 
loader start address to the level one interrupt 
location (memory location 6). The ALD then generates a 
CPU interrupt to level 1. This interrupt places’ the 
device number in memory location 0000. The level one 
interrupt causes the CPU to execute the boot loader 
stored in ROM on the ALD. 


8.1.2 Description 


Figure l is a block diagram of the auto-load 
module. 
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Figure 1. Auto-Load Module I/O Functions 
Simplified Block Diagram 


Two manual switches (S4 and $3) on the auto-load 
module can be set to select one of four device numbers 
(0, 2, 4, and 6) so that one ALD serves up to. four 
devices of the same type. 


Two other switches (S2 and Sl) can be set to to 
select one of four possible bootstrap loaders (numbered 
1, 2, 3, and 4). The auto-load module supports up _ to 
four different load devices (one bootstrap loader per 
device type). 
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8.1.3 ROM Configuration 


The bootstrap loader routines are stored in ROM. The 
ROMs contain either 256 or 512 four-bit words 
(nibbles). Each nibble constitutes one-half of a byte 
with two bytes making a 16-bit word. A single loader 
program is stored in one ROM integrated circuit. Each 
16-bit word occupies four consecutive nibble locations. 
The ALD logic unit makes four consecutive read 
operations to fetch each 16-bit word of the loader 
program. A 16-bit word is assembled in a register and 
transferred to the Infibus. 


A read cycle in byte mode requires the transfer of 
two nibbles to the data register. The byte data is 
loaded into the least-significant into the least- 
significant eight bit locations (7 through 0) with the 
most-significant eight bits (15 through 8) set to 
zeros. 


Either the lett or right byte of a program word is 
fetched and stored in the least-significant eight bit 
locations of the data register and transferred on the 
Infibus. In all byte transfers, the most~significant 
eight bit locations of the word are all zeros. 


8.1.4 External (Remote) Control 


The contacts of the four manual switches are wired 
to an edge connector (J1) so that the device number and 
ROM can be selected from a remote control panel or 
other source. Other remote functions can be connected 
to Jl so that complete remote control is possible. 


When the ROM or device is selected remotely, the 


associated switches on the auto-load module must be in 
the down (open) position. 


8.1.5 Configuration 


The following pages explain the strapping 
necessary to properly configure the ALD board. 
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8.2 PPB —- PAPER TAPE CONTROLLER 


PPB - 2102297G01 


8.2.1 Purpose 


The High Speed Paper Tape controller (Peripheral 
Parallel Buffer) allows the transfer of data from the 
paper-tape devices. The card can be configured to 
exchange data with several different types of paper- 
tape readers and punches. Note: This is an obsolete 
interface. Recently manufactured Pluribus use _ the 
serial interface and a cassette reader as ae load 
device. 


8.2.2 Description 


Figure 1 is a general block diagram of the PPB. 
The seven blocks in the diagram represent functional 
logic groups that operate to receive and transmit input 
and output data between the Infibus and the 1/0 
Devices. 


8.2.3 Data Bus Drivers/Receivers & Multiplexer 


The data bus drivers/receivers transmit and 
receive I/0 data. Data received for output is applied 
directly to the output data register. 


Input data is selected by the data bus 
multiplexer. One of four types of information can be 
selected for input: 


(1) read data from the device 

(2) control register contents 

(3) device and controller status 

(4) controller address (same as device number) 
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8.2.4 Input & Output Data Registers 


The controller has two data registers: one for 
input, the other for output. Each register temporarily 
holds eight bits of I/O data for transfer between the 
Infibus and the I/0 device. 


Both registers have the same address. Therefore, 
the input data register can only be written. The data 
register address is FC32. 


8.2.5 Control Register 


The control register can hold up to six bits 
loaded from the six least-significant bits of the data 
bus. Three control bits are decoded, and used _ to 
activate read/write/interrupt control functions. The 
control register contents can be read through the data 
bus multiplexer by a Read Control Register operation. 
The Control Register address is FC36. 


Bit 0 is the Start bit if writing and the Active bit if 
reading. 
Bit l says output = 1 
Bit 2, if set, allows interrupt. 
Bit 3, if set, says Device Command and inhibits the 
Write Command. 
Bits 4 and 5 are unused. 


8.2.6 Read/Write Control & Status 


The read/write control logic sends I/0 commands to 
the device, receives device responses, and handles read 
or write control functions in the controller. 


Status is read at FC30. One status bit (bit 2) is 
used for Read timing error or no data read (bit 0) 
after 300 milliseconds. 


One device-not-ready (bit 1 for paper tape reader 
and bit 3 for a= punch) status bit is used for each 


paper tape read or write device. Device~-not-ready 
status bits are not stored in the controller but are DC 
signals that indicate operational condition, All 
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status is available for input by a Read Status Register 
operation. 
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8.2.7 Configuration 


The following pages explain the strapping 
necessary to properly configure the PPB board, 
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8.3 PSB - PERIPHERAL SERIAL BUFFER 


PSB - 2102300G01 


8.3.1 Purpose 


The PSB converts parallel to serial data and vice 
versa. This conversion takes place between the system 
and the cassette reader, or the system and Console 
Terminal, depending on which is connected to the 
system. 


8.3.2 Description 


The Peripheral Serial Buffer (PSB) is ae single 
card that interfaces with an external terminal as the 
Console Terminal and/or the Cassette Reader. It can be 
configured to run on the Master processor bus 
(Cassette), I/0 bus (Console Terminal) or on ae single 
bus (Console Terminal). 


8.3.3 Cabling 


Located in the upper left hand corner, the cable 
from the terminal or the cassette connects to Jl. The 
numbered pins can be accessed for scope or meter 
readings at the back of the board behind the connector. 
The following table lists the information located at 
each pin. 
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Al SEND DATA (EIA) 
Bl REQUEST TO SEND (ETA) 


B3 SEND DATA + (CURRENT LOOP) 


B4 SEND DATA — (CURRENT LOOP) 
A5 TERMINAL READY (EIA) 
B5 RECEIVE DATA IN + (CURRENT LOOP) 


B6 RECEIVE DATA IN - (CURRENT LOOP) 
A7 DATA SET RING INDLCATOR (EIA) 

B7 PTR BUFFER FULL + (CURRENT LOOP) 
A8 RECEIVE DATA IN (EIA) 

B8 PTR BUFFER FULL —- (CURRENT LOOP) 
A9 CLEAR TO SEND 


Al10Q0 GROUND 
B10 GROUND 


8.3.4 Configuration 


The following pages explain the necessary 
strapping to properly configure the PSB board. 
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8.4 RLD - RELOAD CARD 


RLD - 2101529609 


8.4.1 Purpose 


The ReLoaD (RLD) card allows a Pluribus system _ to 
be reloaded via a communications line. The RLD monitors 
input data streams of up to eight modem interfaces. 
The RLD supports any mix of modem interface or speeds 
from 4800 bits per second to 1.3 Megabits per second, 
type at any speed (4800 to 1.3 MegaBit). 


The RLD scans this data stream for instructions 
which direct it to store data in the system. An 
activated RLD can write a 16-bit word anywhere in 
system address space, 


8.4.2 Description 


The RLD is a single card device that usually 
resides on an I1/0 bus. Write cycles use forward bus 
coupler access to common memory, and backward bus 
coupler access to the processor busses. Bus acceses are 
combined to build sequences that start or stop 
processors and load memory. The functions permit the 
remote loading of a program and begin program 
execution. The RLD should not be connected to a modem 
interface used as a VDH (very distant host) port. 


8.4.3 Line Protocol 


Commands to the RLD, consisting of a 20-bit 
address, a 16-bit data word, a 16-bit CRC checksum and 
four bits of padding, are located within the normal 
ARPANET IMP-to-IMP packet format. 


Following the DLE STX packet beginning, the first 
bit of packet text (the low order bit of the first word 
in the buffer) is al to indicate a reload command 
packet. 
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The rest of the command packet consists of twenty 
bits of address (the least significant bit occurs 
first); four bits of non-zero padding; 16 data bits ( 
the least significant bits occur first); and a 16-bit 
checksum on the preceding elements using the IBM CRC-16 
polynomial: 


16 15 2 
Xx + X + X + ] 


The low order address bit must be a 0. The non- 
zero padding assures that an all-zero reload packet is 
not interpreted as a command by the RLD. 


Except for the first bit of the command in a 
packet, each of these 56 bits is doubled to increase 
the uniqueness of the reload packet and to guarantee 
that the DLE character (020) does not occur in the 
reload data stream. If it does, it must detected and 
undoubled.) As a result, each individual reload command 
requires seven 16-bit words of storage at the source 
machine. 


Any number of commands are included in ae reload 
packet subject only to the packet size restriction of 
the IMP software. A command string may be cleanly 
terminated by the normal DLE ETX sequence. 


8.4.4 Device Operation 


Three signals are supplied by each modem interface 
connected to the reload card. Two signals, the receive 
clock and receive data, represent the actual data 
stream from the neighboring IMP. The third signal is a 
synchronization pulse indicating the DLE STX was 
received. This pulse occurs only once per packet and 
immediately betore the text of the packet. 


When the pulse is received, the reload card front 
end (one of eight) looks for the next bit to be al. 
If it is, the received packet is a reload command 
packet. If no other line is selected, the active latch 
for that line is set. The outputs of the eight active 
latches drive an asyncchronous' priority encoding 
arbiter that permits only one of the eight inputs to be 


Load Devices 105 


Pluribus Board Configuration Manual REV B 


active at a time. 
4 


First, the OR of these latches disables further 
input and then starts a timer. Meanwhile the outputs 
of the latches are applied to a priority encoder which 
selects one of the set latches. 


The encoder outputs feed multiplexors to select 
the corresponding data, and clock lines for further 
processing. From this point, the input is processed by 
a finite state machine. Each second bit is checked to 
be sure that it is identical to the preceding bit 
(except for the first low-order address bit which is 
checked for zero). The finite state machine output is 
the undoubled bit stream. 


The undoubled bit stream shifts into two 
registers, one 40-bit data register, and one 16-bit CRC 
register. The two shift registers shifts in the next 40 
bits. Thereafter, the 40-bit register stops, while the 
CRC continues on for 16 more bits. During these 
sixteen bit times, the CRU feedback point is examined 
for all zeroes to be sure the checksum is good. 


If no error conditions are present at the 
conclusion of the checksum, (see below) an INFIBUS 
cycle is requested, using the conventional method, in 
order to write the data (the high order 16 bits of the 
40-bit register) into the specified address (the 
address requested by the low order low 20 bits of the 
40-bit register). 


The address and the data are double-buffered to 
maximize the time available to access the bus. Once 
the checksum has been checked, the process is repeated 
in order to examine the data stream for another 
command, This process repeats as long as no exception 
conditions are detected. Any one of the exception 
conditions below terminates command string processing, 
clears the priority encoder latches, and permits new 
activations from any of the modem data streams. 


The exception conditions that cause termination 
are as follows: 


1. Bad checksum - the present command is ignored, but 
the last good command is completed. 
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2. Padding not matching jumpered identifier on the card 
as above. 


3. Non-doubled data - if the second bit of a pair 
differs from the first, the last good command will 
be completed before termination. This property can 
be used to bring about clean termination of a 
command string merely by ending the packet with the 
usual DLE ETX. The single 1 in the DLE will cause 
termination after the last command, which will 
access normally. 


4. Incomplete bus access - if the bus cycle for the 
previous command is not completed prior to the end 
of the checksum for the following command, the 
command string will be terminated. Although a new 
activation is allowed prior to completion of the 
access for the previous command, the new command 
will terminate as above if the access has not yet 
completed. 


5. Watch Dog Timer Timeout - if there has been no new 
line selection for about 1 second, the current 
command is ignored. 


8.4.5 Modem Conection 


Each modem supplies the three signals described 
above over a twisted pair by using the 9614/9015 
differential driver/receiver pair. 


The modem data line is high for a data 1, while 
the low to high transition of the modem clock line 
indicates good data. A positive going pulse indicates 
the beginning of a packet. 


Clock and data signals are derived from the output 
of the interface receivers for those lines from the 
modem. These signals are carried to the device via one 
50-pin edge connector using a special twisted pair 
cable (IRLD) that fans out to a 16-pin DIP plug for 
each modem connection. 


An additional gate in the modem connects to the 


reload card, by means of a jumper in the DIP plug. 
Since all these signals are derived in the modem, any 
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speed line with any modem may be connected to the RLD. 
Plugging an IRLD connector into a modem turns on the 
high-order bit of that modem’s device number. 


8.4.6 Infibus Connection 
Subject only to physical cabling constraints, more 
than one RLD can be connected to a given line or set of 


lines using multiple modem interfaces on the same line. 


The RLD devices request a given access almost 


simultaneously, but the resulting conflicts are 
resolved by the arbiter on the target bus, and do not 
affect this device. Since duplicate accesses are 


always completed prior to any subsequent commands, no 
harm is done. 


8.4.7 Indicators 


Three lights signal device operation. The first 
latches an activation and remains lit until the next 
master is reset. The second remains lit only while a 
line 1s currently active. The third lights briefly 
following bus access completion. 


8.4.8 Reload Connector Pin Assignments 


Jli-l MCKOO+ modem 0 receive clock 
J2-1 MCKOO- 

J1-2 MDTOO+ modem 0 receive data 
J2=-2 MDTO0O0- 

J1-3 MGOO0OO+ modem 0 start of packet 
J2-3 MGO00- 

J1-4 MCKO1+ modem 1 receive clock 
J2-4 MCKOl1- 

J1-5 MDTO1+ modem l receive data 
J2-5 MDTO1- 
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J1-6 MGOO1+ modem 1 start of packet 
J2-6 MGOO1- 

J1-7 MCKO02+ modem 2 receive clock 
J2-7 MCKO02- 

J1-8 MDTO2+ modem 2 receive data 
J2-8 MDTO0O2- 

J1-9 MGO02+ modem 2 start of packet 
J2-9 MGO02- 

J1-10 MCKO3+ modem 3 receive clock 
J2-10 MCK03- 

J1l-1l1 MDTO3+ modem 3 receive data 
J2-11 MDTO0O3- 

J1-12 MG003+ modem 3 start of packet 
J2-12 MG003- 

J1-13 MCKO4+ modem 4 receive clock 
J2=-13 MCK04- 

J1-14 MDTO4+ modem 4 receive data 
J2-14 MDT04- 

J1-15 MG004+ modem 4 start of packet 
J2-15 MGO04- 

J1-16 MCKO5+ modem 5 receive clock 
J2-16 MCKO5- 

J1-17 MDTO5+ modem 5 receive data 
J2-17 MDT05- 

J1-18 MGO005+ modem 5 start of packet 
J2-18 MG005- 

J1-19 MCKO6+ modem 6 receive clock 
J2-19 MCK06- 

J1-20 MDT06+ modem 6 receive data 
J2-20 MDTO06- 

J1l-21 MGO06+ | modem 6 start of packet 
J2-21 MG006- 
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J1-22 
J2-22 


J1~23 
J2=-23 


J1-24 
J2-24 


J1-25 
J2-25 


MCKO7+ 
MCKO7- 


MDTO7+ 
MDTO7- 


MG007+ 
MG007- 


8.4.9 Modem Conector 


jumper 


MCK- 
MCK+ 
MDT- 
MDT+ 
MGO- 
MGO+ 


8.4.10 Configuration 


The 


following 


modem 7 receive clock 
modem 7 receive data 
modem 7 start of packet 


unused 


Pin Assignments 
modem receiver clock 


modem receive data 


modem start of packet 


pages explain the strapping 


necessary to properly configure the RLD board. 
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9 DMA - Direct Memory Access 


DMA - 2100136601 


9.1 Purpose 


The Direct Memory Access (DMA) module performs 
general full-duplex INFIBUS communication as part of a 
device interface (e.g., Host, modem). The usual 
configuration requires that one or more of the cards 
adjacent to the DMA card contains a specialized logic 
for the particular device interface (DI). Control 
Signals to and from the DMA are passed via a back plane 
connector (IBM, ICM, IDM). 


9.2 Infibus Interface 
9.2.1 Address and Registers 


The 8 registers associated with each device are as 
follows: 


000 device type 

001 receive begin 
010 receive end 

011 receive status 
100 transmit begin 
101 transmit end 

110 transmit status 
111 device dependent 


The register formats are described individually as 
follows: : 
NOTE 
All eight registers can be read or written; the 
designations in the individual description denote 

only the meaningful actions, 


000 DEVICE TYPE - READ ONLY 
The Device Type-Read Only register contains the 


contents of an 8-bit manual switch register on-the DI 
in the low-order byte, and an 8-bit number denoting the 
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type of device interface in the high-order byte. 


001, 100 - RECV/XMIT BEGIN - WRITE ONLY 


The high-order 16 bits of the system word address 
are placed in this register at the beginning of the 
data buffer to be used. The 3 low-order bits of the 
begin word address are set via the status register (see 
below). 


010, 101 -— RECV/XMIT END - READ/WRITE 


These registers are loaded with the 12 low-order 
bits of the system word address at the end of the 
buffer. The maximum buffer size is 4K words. The 
address should be given in bits 1-12 (hex IFFE). The 
high order bit, set when writing the end pointer, 
indicates that this is the last packet of a message. 
Bits 0, 13, and 14 (hex 6001) are ignored. 


Writing to this register initiates a buffer 
transfer. When the DMA completes the buffer transfer, 
a read obtains the address modulo 2**12 of the last 
transferred word using the same format described above. 


The low-order bit serves as an error bit. This 
bit reports an error if the attached device interface 
is reporting an error, or if a QUIT occurred during the 
transfer of this block. 


The high-order bit, if set, signifies that this is 
the last packet of a message, and that a QUIT has not 


occurred (indicating a good completion). 


011, 110 -— RECV/XMIT STATUS - READ/WRITE 
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115 9!18!7 312 0! 

! ! } ! ! 

! IR! ! Low ! 
WRITE! DEVICE !E! UNUSED ! START ! 
! Is! ! ADDR. ! 

! 1E! ! ! 

! DEPENDENT IT! - ! ! 
----! J J------------------- ! 
READ! 1Q! 10! 
! STATUS IU! PI 1} 

! Ir! LEVEL 1} 

! IT! !} 


(Note that there are two of these registers; these 
functions exist independently for receive and 
transmit.) 


DEVICE DEPENDENT STATUS - READ/WRITE 


These are used for direct two-way communication by 
a processor with the device interface, e.g., 
crosspatch, Host dead, loop. 


RESET - WRITE 


Setting this bit while writing resets that half of 
the DMA and DI. 


LOW START ADDRESS - WRITE 


The low-order three bits of the start pointer are 
loaded with this number each time the start pointer is 
written. Writing the status register prior to writing 
the begin pointer sets up this procedure. 


QUIT - READ 


This function is set when the DMA’s last data 
access or interrupt request is terminated with a QUIT, 
indicating memory malfunction, non-existent address, 
etc. When the end pointer is read, error not 
completion is set. 
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PI LEVEL - READ 


The 7-bit pseudo-interrupt code written to the PID 
on command from the device interface (upon buffer 
completion) is set by switches on the DI. 


111 -—- DEVICE DEPENDENT (OPTIONAL) - READ/WRITE 


This register can be used optionally by the DI for 
any appropriate device specific function. Assignment 
of data bits is arbitrary; the DI receives and 
transmits the data directly from and to the INFIBUS. 
The DMA merely supplies signals indicating when this 
register is read from or written into. 


9.3 Device Interface 


There are 61 signals by which the DMA communicates 
with the device interface (DI); 14 for transmit, 15 for 
receive, and 32 wsed for both transmit and receive. 


All signals are TTL standard levels, positively 
asserted (i.e., HIGH = "1" = TRUE) unless otherwise 
stated. The fanout or fanin, as appropriate to each 
signal, is given in brackets. Pin assignments for the 
backplane connector are given in the attached table. 


BACKPLANE (IxM) CONNECTOR ASSIGNMENTS 


DMA 115 


Pluribus Board Configuration Manual 


116 


rg 
f4- 
= 


wana uu & Why 


A 


GROUND 


XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
XMIT 
GVDT+ 
STO8- 
STO09- 
ST10- 
STil- 
STOO- 
STO1- 
STO2- 
STO03- 
XMIT 


START+ 
READY+ 
NOW+ 
DOINT+ 
INTDN- 
EOBt+ 
QUIT- 
STBST+ 
GVST+ 
RESET+ 
ERROR+ 
RSTRT+ 


GVPIL+ 


B 


GROUND 


RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
RECV 
ST12- 
ST13- 
ST14—- 
ST15- 
STO4- 
STO5- 
STO6- 
STO7- 
RECV 


START+ 
READY+ 
NOW+ 
DOINT+ 
INTDN- 
EOB+ 
QUIT- 
STBST+ 
GVST+t 
RESET+ 
ERROR+ 
RSTRT+ 
LASTP+ 


GVPIL+ 


DDPRD+ 
GROUND 
GROUND 
ADS04- 
ADSO05- 
ADS06- 
ADSO7- 
ADSO08- 
PIAL1- 
MRES+ 


XMIT RBEG+ 


GROUND 


DDPWR+t 
GROUND 
GROUND 
ADS09- 
ADS10- 
ADS11- 
ADS12- 
ADS13- 
PIA12-—- 
unused 


RECV RBEG+ 


GROUND 
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The following lines are common to receive and 
transmit: 


a 


STOO-15 (DI>DMA) [-2] 


These sixteen (16) lines are used to send _ status 
information from the DI upon command. They are open 
collector lines pulled up by 1K resistors in the DMA. 
They are negatively asserted; a low logic level will be 
reported as a one to the processor. 


ADSO4-ADS13 (DI>DMA) [-1] 


The DI continuously broadcasts the sense of these 
signals, which determine the 10-bit device number used 
for address recognition. They are typically the output 
of a manual switch. These signals are negatively 
asserted; logic high implies an address bit of zero. 


PIALI-PIA12 (DI>DMA) [-1] 


The DI continuously broadcasts the sense of these 
Signals to determine to which of 4 PIDs the pseudo- 
interrupts should be directed, These are typically 
determined by a manual switch. The signals are 
negatively asserted; logic high implies an address bit 
of zero. . 


GVDT (DMA>DI) [6] 

This level instructs the DI to place on S$TO00-15 
its device type code. Typically bits 08-15 are unique 
numbers assigned to each type of DI; bits 00-07 are the 
contents of a manual switch on the DI. 


MRES (DMA>DI) [9] 


A 500 microsecond pulse that occurs during system 
reset (e.g., startup). 
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DDPWR (DMA>DI) [6] 


This pulse (500 ns) indicates that the device 
dependent register is being written. If the DI uses 
this option, it should sample the data directly from 
the INFIBUS on the leading edge of this signal. 


DDPRD (DMA>DI) [6] 


This level indicates that the device dependent 
register is being read. If the DI uses this option, 
the appropriate data should be gated onto the bus 
directly by this signal. 


The transmit lines are as follows: 
START (DMA>DI) [5] 


The DMA sends this pulse (500 ns) when an end 
pointer has been written. The device should start and 
may request accesses. 


READY (DI/DMA) [-3] 


This is brought up by the DI to request a data 
access. It must remain true until the leading edge 
and, must be cleared before the trailing edge of NOW. 
If raised after DOINT and betore INTDN, access order is 
not guaranteed. 


NOW (DMA>DI) [10] 


This pulse is used by the DI to strobe in the next 
data word from the data lines on the INFIBUS. On 
transmit it is 40-60 ns long; data should be strobed on 
the leading edge. 
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DOINT (DI>DMA) [-2] 


This pulse requests that the DMA write the PI 
level to the PI locations, causing a pseudo~interrupt. 
It must remain true until the leading edge and, must be 
cleared betore the trailing edge of INIDN. DOINT may 
not be raised while READY is true. 


INTDN (DMA>DI) [10] 


This negative going pulse (40-60 ns) signifies 
that the interrupt has been performed and the DI should 
now clear DOINT> 


RBEG (DMA>DI) [10] 


This pulse (500 ns) indicates that the begin 
register locations is being read. The DI may use this 
for its own purposes as it is ignored by the DMA. 


EOB (DMA>DI) [10] 


This level signifies that the current access 
references the last word in the buffer. It becomes 
true while READY is true, and remains true until a new 
begin pointer is written. , 

NOTE 
On a one-word buffer (end=start), EOB becomes’ true 
as soon as the end pointer is written (START). On 
successive one-word transfers to the same location, 
EOB will never go false. 


The DI should not request any further accesses 
after the current one (which will complete normally), 
or until the next START. 


The DI should also use EOB as a stimulus to later 


request an interrupt (note that DOINT may not be raised 
while READY is true). 
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QUIT (DMA>DI) [9] 


This negative going pulse (80-100 ns) indicates 
that the last data access or interrupt attempt 
referenced a non-existent location or was otherwise 
timed out. 


The suggested protocol for a QUIT is as _ follows: 
If the QUIT is in response to a data request, READY 
should be cleared if set, and an interrupt requested 
(in that order). 


If the QUIT is in response to an interrupt 
request, DOINT should be cleared and an interrupt is 
not requested. In either case, no other accesses 
should be requested until the next START. 


STBST (DMA>DI) [4] 


This pulse (500 ns) should be used by the DI _ to 
strobe in status information from the data lines on the 
INFIBUS. Data should be sampled on the leading edge. 


GVST (DMA>DI) [4] 


This level instructs the DI to place its device 
dependent status bits on STO0O9-15. 


GVPIL (DMA>DI) [10] 


Upon assertion of this level, the DI presents a 
7-bit switch-selectable pseudo-interrupt level on 
STO1-07. GVPIL sometimes happens simultaneously with 
GVST, sometimes not. 


RSTRT (DMA>DI) [5] 


This 300 ns pulse informs the DI that a new begin 
pointer has been written. 
The DI might use this to abort the current transfer 
with some error indication (e.g., append a bad 
checksum) and prepare for a new one. In that case, any 
current request for a data access or interrupt will be 
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aborted. If a transfer was in progress, an interrupt 
would be requested, 


RESET (DMA>DI) [9] 


. Either a 500 ns or 500 microsecond pulse _ that 
should reset that half of the DI. 


ERROR (DI>DMA) [-1] 


A level asserted by the DI to indicate that some 
error condition (defined in a device dependent manner) 
has occurred. The DMA will report this by setting the 
low-order bit in the end pointer when read. 

(This bit is also set by the DMA if a QUIT is received 
during the transfer of the block.) 


The receive lines are identical except for the 
following: 


1. NOW is used to indicate when the data word should 
be placed on the bus, To satisfy timing 
constraints, the data should be present at the BDR 
inputs when READY is brought up. NOW should go 
directly to the BDR enable inputs, 


2. There is another signal LASTP (DI>DMA) [-1] which 
is a level returned by the DMA as the high-order 
bit of the end pointer when read to indicate that 
this was the last packet (End of Message). The DI 
should not assert this line if an error is 
detected, even if an end of message has been 
encountered. 


The high-order bit of the end pointer will 
similarly not be set (whatever the sense of LASTP) 
if the DMA has received a QUIT during the transfer 
of the block. 


The convention for denoting last packet on 
transmit is that the high-order bit of the end 
pointer is set when written. The DI should 
therefore sample the high-order data bit on the 
bus on the leading edge of transmit START to. get 
this information. 
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9.4 Implementation 
Typical circuits for pieces of the DI most 


intimately connected with the DMA are shown in Figures 
l1 and 2. 


9.5 Switches (on DI) 
Device address (10) - selects address of device 
Recv PI Level (7) _ } 
} pseudo-interrupt codes 
Xmit PI Level (7) } 
PI Address (2) - selects which PID is being written to 


Device type (8) - readable switch register 


9.6 Addresses 


119 14113 4:3 1!0 

! ! ! ! 

fl 1 1111! Device Number !Register!Ignored 
! ! (from switches on DI) ! °No. ! 


9.7 DMA Logic Description 


Address Recognition 


The DMA recognizes a block of eight words. The 
high order 6 bits must be ones, and the next 10 bits 
are determined by switches on the device interface 
(DI). Lines from these switches (ADS04-ADS13) are EX- 
ORed with address lines 4-13 and the results wire-ANDed 
to form SWMAT+. 


STRB+ is delayed by passing it through similar 
gating to form STRBD+. The latter is ANDed with HOLD- 
(to inhibit address recognition until the fall of HOLD) 
to form CLKAD which strobes the state of ADMAT into ME. 
The ME flop is operated inverted; ME+ is asserted when 
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the Q output is true. The rise of ME starts a 420 ns 
delay (MEPLS) before issuing a 50 ns DONE pulse 
(DONET). ME is cleared by the fall of undelayed STRB+. 


The three low order address bits (not counting the 
byte bit, which is ignored) are sent to. two 
demultiplexers (9334) to derive individual signals for 
writing and reading each of the individual registers, 
The data inputs are both senses of RITE, s0 one 9334 
responds only to WRITEs and the other only to READs. 


The WRITE 9334 operates as a strict demultiplexer, 
enabled by MEPLS. The READ 9334 also demultiplexes, but 
latches its state until the fall of ME+; thus its 
outputs are valid until the fall of STRBr. 


Outputs from the 9334 are named: 


{ { DEVT (device type) } } 
{ { DDP (device dependent) } } 
{ R (read) }f{ } 
{ W (write) }{ } 
{ { R (recv.) } { BEG (begin ptr.) } } 
{ { X (smit.) } { END (end ptr.) >} } 
{ } 


{ ST (status) } 


Several of these signals are passed directly to 
the DI as the appropriate control lines. 


For example, writing the begin pointer (WRBEG, 
WXBEG) pulses the RSTRT lines. Writing the end pointer 
(WREND, EXEND) pulses the START lines. Writing or 
reading the status (WRST, WXST, RRST, RXST) causes the 
appropriate GVST or STBST line to be asserted. 


If data bit 8 is set when writing the _ status 
(signifying a programmed reset) RSTRS or XSTRS will be 
asserted. These are ORed with MRES to form RRES_ and 
XRES. Accesses of the device dependent register (RDDP, 
WDDP) and reads of the begin pointer (RRBEG, RXBEG) are 
sent to the DI and otherwise are ignored by the DMA. 


POINTERS 
The pointers for receive and transmit sides are 


handled similarly. In the following, the receive half 
will be discussed; transmit is identical -- signal 
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NMames are obtained by substituting an X for an R. 


The "current" pointer, which holds’ the word 
address of the location either previously or just being 
accessed by that half of the CMA, is stored in a 19-bit 
synchronous counter (RCO1-RC19). The carry input to 
stage 13 is disabled; therefore the high order’ seven 
bits of the counter (13-19) act only as a latch and do 
not change when the counter is toggled. This counter 
is parallel-loaded when the BEGIN pointer is written 
(WRBEG). 


The high order 16 bits come directly from the data 
bus (DBO1-DB12). The low order 3 bits are specified by 
the low order 3 bits of the status word and are latched 
as RLCO1-RLCO3 by WRST. The counter is set for count- 
up Operation, 


The 12 bits of end pointer information are latched 
from the data bus by WREND. The outputs from the end 
pointer (REO1-RE12) are compared with the low order 12 
bits of the current pointer (RCO1-RC12). The output of 
the equals detect are wire-ANDed together to form the 
EOB signal. 


CONTROL 
pg Bus access is controlled by two DBALS; one _ each 
for receive and transmit. In each DBAL, the A half 


controls data access and the B half handles’ pseudo- 
interrupt requests. 


The command inputs are connected directly to’ the 
DI“s READY and DOINT lines, which signify that it wants 
a data or interrupt request, respectively. The 
answering signal to READY, NOW, is given for the 
transmit side coincident with ACLK telling the DI to 
strobe-in the data which the DMA has read for it; on 
the receive side, NOW follows AONL, telling the DI to 
Output its data to the bus for the write cycle the DMA 
is performing. Receive NOW is delayed until the fall 
of the current PCDA so that a quick fall of READY in 
response to NOW will not allow a little PCDA to leak 
out. 


The response to DOINT< INTDN, is given at  BCLK 
time. The DBALs are connected to the bus in the usual 
way, in parallel. QUIT and DONE are buffered _ to 
provide the necessary fanout to drive two DBALs. The 
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precedence pulse (PCDA-PCDAB-PCDB) is chained serially 
through the DBALs. 


The DBAL is reset either by the reset signal for 
that half (RRES/XRES), or when the begin pointer is 
written. If the latter occurs in the normal course of 
events, viz., after an interrupt has occurred and the 
program is setting up for the next buffer, no _ bus 
transactions will be in progress’ and reset will do 
nothing. 


However, if the begin pointer (to perform the 
restart function) is written while the device is 
active, the desirable feature of stopping any 
transaction in progress is accomplished. 


The QUIT latches (RQUTL/XQUTL) remember that a 
QUIT has occurred during an access. They are reset by 
reset or the writing of the begin pointer for the next 
buffer. Writing the begin pointer also sets the 
corresponding “firet”’ flop (RFRST/XFRST), thus 
preventing the first access from toggling RCLK/XCLK. 


At its conclusion (the trailing edge of NOW/DOIT), 
the flop is reset and CLK ‘follows READY. RITE is 
latched from the bus by STRB. RITE is asserted on- the 
bus by the DMA (RITET) when on-line for either a 
receive access (RONLN) or an interrupt access (DOINT). 


DATA BUS 


The DMA contains a 16-line, open collector, 
negatively asserted bus (DABOO-DAB15). These wires are 
passed to the DI (STOO-ST15) and are used to pass  non- 
data information to the DMA, e.g., device type, 
interrupt levels, status. 


The other primary source 1s the pointer 
Multiplexer, which multiplexes the two current pointers 
and converts to open collector forn. The multiplexer 


is enabled onto the DAB lines either when on-line for a 
data transfer (DATOL) or when reading either end 
pointer (RDEND) (only the low order 12 bits). In the 
former case we are broadcasting the address to be used 
for the data transfer. 
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The DAB lines in this case go through the address 
multiplexer to the address BDRs. Note that bits 16-19 
go directly to the multiplexer since they are not’ used 
elsewhere. 


If the end pointers are being read, the data BDRs 
are enabled (DDREN from SLVRD) and the address BDRs 
(ONLN) are not -- thus the information goes on the data 
lines. 


A situation similar to the latter occurs when 
reading status or device type, except that the DI 
provides the source. During an interrupt access 
(DOINT), the address multiplexer switches so that the 
prewired (except for two bits from the DI) PID address 
1s connected to the address BDRs. The DI supplies the 
PI level via the DAB lines which are broadcast on the 
data lines, since DOINT is a term in DDREN. 


SPECIAL STATUS BITS 


The error bits (RERR/XERR) are passed from the DI. 
The sense of the QUIT latch is ORed in and when the end 
pointer is read (RREND/RXEND) it is connected to bit 0. 
The last packet bit (LASTP) is also passed from the DI. 
If there is no QUIT on the receive side (RQUTL), 
completion will be reported (bit 15 set) when the end 
pointer is read. 


The sense of the QUIT latches is reported as bit 8 
when the status words are read (RRST/RXST). 


The signal GVPI asking for the DI to present’ the 
appropriate PI levels on the ST lines is asserted when 


status is read (RRST/RXST), or when an interrupt access 
is on-line (RBONL/XBONL). 


9.8 Configuration 


The following pages explain the strapping necesary 
to properly configure the DMA board. 
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10 HOST PORTS 
10.1 HLC -—- Local Host Interface 


NOTE: This device is obsolete and is replaced 
by the HST card. The HST is backward 
compatible for the HLC. 


10.1.1 Purpose 


The Compatible Local Host (HLC) module, together 
with a DMA, interface a Pluribus system to a Local Host 
Interface using the protocal established in the BBN 
Report #1822, "Specifications for the Interconnection 
of a Host and an IMP." 


The cable distance from HLC to Local Host 
Interface should be less than 50 feet. Interconnection 
to the Host is via a 26-pin Scotchflex connector. 
Jumpers select the use of the ready line and the type 
of input end of message padding. Interconnection to 
the DMA is via a standard IDM. 


The required interconnection with the INFIBUS, 
including the input and output data paths, is directly 
through the bus connector. The module consists of a 
single card. 


10.1.2 Host Connections 


An interface must be compatible with the present 
local and distant Host interfaces. Under program 
control, for test purposes, the interface is loopable 
towards the IMP. 


All control and data lines operate in a manner 
Similar to the host ports of the early Honeywell IMPS. 
The IMP and Host Ready lines are the exceptions and do 
not operate in this similar way. Jumpering makes it 
possible to ignore ready lines entirely, or allows’ the 
IMP ready line to be on or off without a timing device. 
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The electrical characteristics of the drivers and 
receivers are compatible with drivers and receivers 
currently interfacing to Honeywell IMPs. Receivers are 
high impedence Schmitt trigger input inverters. 
Discrete drivers, designed for 68 ohm lines, allow’ two 
HLC boards to be connected to the same Local Host 
Interface. A timeout circuit provides for only one of 
these to be active at any given time. 


10.1.3 DMA Connection 


Communication with the DMA follows the rules in 
the DMA section. Transmit and receive pseudo- 
interrupts are set by: 


1) end of message 

2) writing a begin pointer while active (restart) 
3) reset while active 

4) QUIT while active 

5) looping or unlooping while active. 


If a QUIT occurs while attempting to pseudo- 
interrupt, the attempt is abandoned. 


Internal looping (crosspatching) of the interface 
is done by setting the appropriate status bit. Both 
sides of the interface will reset and simultaneously 
change the state from a looped to an unlooped one. If 
either or both sides are active, an interrupt will 
occur on the busy side(s). Looped status indicates the 
interface is in fact looped internally. Master Reset 
Or writing zero in that status bit will unloop the 
interface. 


Busy (active) status, indicating that a transfer 
is in progress, is turned on by writing the end pointer 
to the DMA (start pulse from the DMA to the HLC). It 
is turned off by reset, master reset, restart, or end 
of message. IMP Ready status is true if the program 
has set IMP Ready previously, and if the driver timeout 
circuit has not timed out. 


When the interface is appropriately jumpered 
(READY enabled), the IMP ready relay to the Host will 
be closed if the HLC is unlooped and IMP Ready is true. 
IMP Ready is cleared either by writing zero in that 
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status bit or by Master Reset. IMP Ready is also 
cleared when the driver timeout occurs. This timeout 
is temporarily prevented by writing to either the 
transmit oor to receive status word at least once a 
second, 


When the HLC is looped, Host Ready status is true 
if IMP Ready is true. If not looped, depending on the 
jumpering selected, it is true either when the 
interface is unlooped (READY disabled) or if the Host 
is ready (READY enabled). A Host error results when 
Host Ready goes false while the interface is not 
looped, or IMP Ready goes false, regardless of loop 
state. Host error status is reset when input is 
started. The receive DMA error line is true when a 
Host error has occurred. 


A separate status is presented when a Host error 
with end-of-message and without end-of-message occurs, 
Each of the error lines is true while the corresponding 
busy status is true or if an interrupt is caused by any 
form of reset. Start clears the interrupt error 
condition, 


10.1.4 Configuration 


The HLC is obsolete and has been replaced by _ the 
HST card. If the HLC card is faulty, replace it with 
an HST. If an HLC is replaced with an HST, the end cap 
and cable must also be replaced. 


10.2 HST - Host Interface 


HST - 2100538G01 
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10.2.1 Purpose 


The Host Interface (HST) module, together with a 
DMA, interface a Pluribus system to a Host Interface 
using the protocal established in BBN Report #1822, 
"Specifications for the Interconnection of a Host and 
an IMP", Either a local or distant host connection is 
used, 


The cable distance from HST to a local Host 
Interface should be less than 50 feet. Cable runs of 
up to 2000 feet are possible using the distant host 
connection. 


Connection to the Host is via a 26-pin Scotchflex 
connector. Jumpers select the use of the ready line, 
the type of input end-of-message padding, and local vs. 
distant drivers and receivers. Connection to the DMA 
is via a standard IDM. The required connection with 
the INFIBUS, including the input and output data paths, 
is directly through the bus connector. The module 
consists of a single card, 


10.2.2 Host Connection 


The interface must be compatible with present 
local and distant Hosts interfaces. Under program 
control, for test purposes, the interface is loopable 
towards the IMP. 


All control and data lines operate in a manner 
Similar to the to the early Honeywell Imps. The IMP 
and Host Ready lines are exceptions and do not’ operate 
in this similar way. Jumpering makes it possbile to 
ignore both ready lines entirely, and allows the IMP 
ready line to be on or off without a timing device. 


The electrical characteristics of the drivers and 
receivers are compatible with drivers and receivers 
used with the early Honeywell IMPs. The drivers and 
receivers allow two HST boards to be connected to the 
same Special Host Interface. A timeout circuit allows 
only one of these to be active at any given time. 
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10.2.3 DMA Connection 


Communication with the DMA follows the rules in 
the DMA section. Transmit and receive pseudo- 
interrupts are set by: 


1) end of message 

2) writing a begin pointer while active (restart) 
3) reset while active 

4) QUIT while active 

5) looping or unlooping while active. 


If a QUIT occurs while attempting to pseudo- 
interrupt, the attempt is abandoned. 


Looping (crosspatching) of the interface is done 
by setting the appropriate status bit. Both sides of 
the interface will reset and simultaneously change the 
state from a looped to an unlooped one. If either or 
both sides are active, an interrupt will occur on _ the 
busy side(s). Looped status indicates the interface is 
in fact looped internally. Master Reset or writing 
zero in that status bit will unloop the interface. 


Busy (active) status, indicating that a transfer 
is in progress, is turned on by writing the end pointer 
to the DMA (start pulse from the DMA to the HST). It 
is turned off by reset, master reset, restart, or end 
of message. 


IMP Ready status is true if the program has set 
IMP Ready previously and if the driver timeout circuit 
has not timed out. When the interface is appropriately 
jumpered (READY enabled), the IMP ready relay to the 
Host will be closed if the HST is unlooped and IMP 
Ready is true. IMP Ready is cleared either by writing 
zero in that status bit or by Master Reset. IMP Ready 
is also cleared when the driver timeout occurs. This 
timeout is held off by writing to the transmit status 
word at least once a second, 


When the HST is looped, Host Ready status is true 
if IMP Ready is true. If not looped, depending on the 
jumpering selected, it is true either when the 
interface is unlooped (READY disabled) or if the Host 
is ready (READY enabled). 
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A Host error results when Host Ready goes false 
while the interface is not looped, or IMP Ready goes 
false, regardless of loop state. Host error status is 
reset when input is started. The receive DMA error 
line is true when a Host error has occurred. Status is 
presented separately for the occurrence of a Host error 
with end of message and without end of message. 


Each of the error lines is true while the 
corresponding busy status is true or if an interrupt is 
caused by any form of reset. Start clears’ the 
interrupt error condition. 


There are a number of reset conditions: 
Master Reset Master Reset clears both halves of the 
interface, shuts off IMP Ready, and unloops _ the 
interface. Transmit Reset and 


Transmit Restart clear the transmit side and set a 
pseudo-interrupt if it has been active. Receive Reset 
and Receive Restart are analogous. Looping or 
unlooping the interface will generate a reset to both 
sides. Last Packet is set on receive end of message 
only if error is not set. 


10.2.4 INFIBUS Configuration 

‘The input and output data paths are through the 
INFIBUS. Aside from the data drivers and receivers and 
power no other connection is made to the INFIBUS. 

Data sampling and driving is according to the DMA 
rules. The high order bit is sampled on Transmit Start 
to capture last packet information. 


The card device type is wired to be 02. 


10.2.5 Configuration 


The following pages explain the strapping 
necessary to properly configure the HST board. 
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11 MODEM PORTS 
11.1 MLR-MLX Low Speed Modem Interface 
NOTE: 


This interface is obsolete, therefore the part 
numbers are not specified. The current modem interface 
uses the MHX-MUR circuit cards. 


This interface consists of an MLR, MLX and a DMA, 
and permits communication between a Pluribus system and 
a Bell 303 modem. This module supports the synchronous 
line protocol used by ARPANET up to speeds of 250 Kb. 
The interface is programmed like any other DMA device; 
special features and unusual control sequences are 
discussed below. 


Facilities are provided both to crosspatch the 
interface before the 303, so that it receives its own 
transmitted data, and to loop data back through the 
303. This permits testing both the interface the the 
303 under program control. An additional test mode 
forces the interface to send a constant all-zeroes 
checksum, and permits testing the error control logic 
under program control. 


Data buffering is provided on the card to tolerate 
delays in response to either data access or interrupt 
requests of up to approximately 256 bit times on both 
input and output, without loss of data or line 
utilization. Additional delays of indefinite length 
can be tolerated on the output side by sending a line 
protocol idle sequence. 


Multiple independent core buffers can be chained 
together to form a single line packet. Similarly, a 
single line packet can be broken into a number of 
different core buffers on receipt. 


The lines to the 303 are driven by emitter- 
follower-type current switches, or received by high- 
impedance receivers, permitting connection of multiple 
interfaces to a single 303 for reliability. The 
termination resistors on the received lines can be 
removed to permit proper impedance matching in this 
case. 
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A timer is provided to disable the driving of any 
lines to the 303 if the transmit status word has not 
been written for roughly 1 second, so as not _ to 
interfere with the transmissions oof the other 
interface. This timer does not affect operation when 
the interface is internally crosspatched. 


A socket is provided on the MLR card _ (for 
connection to a Reload card (RLD). This is a send-only 
connection, and operation of the interface is 
unaffected by the presence or absence of an RLD, with 


the exception that bit 15 of the device code is turned 
on when an RLD cable is plugged in. 


If an RLD cable is plugged into the interface, the 
card device type becomes 81. If an RLD cable is not 
plugged into the interface, the card device type is Ol. 


11.1.1 Line Protocol 


All data on the line, both text and control, is 
organized as 8-bit bytes, and sent low-order bit first. 
There are four control bytes: 


NAME CODE (OCTAL) 
SYN 026 
DLE 020 
STX 002 
ETX 203 


The protocol on the line is as follows: 


SSDS T D D T DS T DECCC s Ss 
YYLT E LL E L Y E LTCCC Y Y 
NNEX X EE xX EN X EX 12 3 NN 

! T T T ! 
(1)!(2) (3) (4) (3) (5) (3) (6)! 

| ae koa 

checksum generation (8) 
NOTES 


1. At least two SYN characters separate each two 
messages. 


An idle line is filled with SYN characters. 
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2. The beginning of a message is indicated by the 
sequence DLE, STX. 


The following characters are text; the text may be 
of any length. 

3. The text is made up of characters taken from the 
buffer to be sent. The right half-word is sent 
first, then the left half-word. There is always 
an even number of text characters in a valid 
packet. 


4. When the escape character DLE appears in the text, 
the hardware inserts an additional DLE. 


5. If text 1s not available from core in time, the 
sequence DLE SYN is sent as an idle protocol until 
text becomes available. 


6. The end of a packet is indicated by the sequence 
DLE ETX. 


7. Each packet is followed by a 24-bit CRC checksum, 
sent as three 8—bit characters. 


8. The 24-bit CRC checksum is generated and checked 
on all of the serial data from "DLE STX" to "DLE 


ETX" inclusive. 


Note that doubled DLE’s and the "DLE SYN" idle 
sequence are included, and that the checksum is 
generated on byte-serial data sent LSB first. 

The polynomial used is: 

12 6 12 10 4 3 

(X +X +X4+41)(X% +X +X +X +X +1) 

On the receive side, the SYN pattern is used to detect 
character sync. During receipt of text, DLE is the 
escape character, and must be followed by: 

1. another DLE, in which case one is discarded, 


2. a SYN, in which case both are discarded, or 


3. an ETX, in which case the end of text is detected. 
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Any other character indicates a line failure, and 
the packet is discarded. 


11.1.2 Programming 


The ML interface communicates with the DMA in the 
conventional fashion, and as such is programmed in a 
conventional way. 


Points of interest are: 
1. Error Indication (End pointer read) 


a. The transmit side will report error if 
interrogated while active, or during the time 
between transmit reset (if it hapened to be 
written) and writing the next transmit’ end 
pointer. 


b. The receive side will report error for the 
following conditions: 


(1) packet format error detected 
(2) internal buffer overflow 

(3) checksum error detected 

(4) internal buffer in a bad state 
(5) interrogation while active 


Interrogation after a receive reset will 
report error because of (4) above. 


2. Format errors, checksum errors, or buffer overflow 
reset the receive finite state machine (FSM) to look 
for character sync and flag the data as error, but 
do not flush the buffer. Error-flagged buffers may 
lose the last byte of data (and will certainly lose 
some data if the error has been caused by buffer 
overflow). 


3. The receive side will report "LAST PACKET" if there 
is no error, as defined above, and the end of the 
packet has been received and checked. 


4, Buffer overrun is not considered an error, to permit 


receive chaining. If the program considers this an 
error, it should write a receive reset. 
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De 


Writing a new begin pointer or a reset to either 
side while the side is active is recommended only as 
an infrequent practice, since there is a _ quite 
small, but finite, probability of "hanging" the bus 
as a result. 


The following describes normal operation: 


Writing a begin pointer while a transfer is in 
progress makes the related side of the intetface go 
inactive and causes an interrupt. 


A "receive reset" while active flushes’ the 
input buffer, makes the receive side go inactive, 
forces the receive FSM to look for character’ sync, 
and generates an interrupt. 


A "transmit reset" while active flushes’ the 
output buffer, makes the transmit side inactive, and 
generates an interrupt. 


Upon detection of a transmit data quit, the program 
must write transmit reset, which will cause a zero 
checksum followed by "end of message" format to be 
sent. 


Failure to do this may result in the inclusion of 


a junk word in the middle of an otherwise valid packet. 
This error is possible only when the interface is 
connected to another Pluribus modem interface. 


li. 


1.3 Configuration 
A. There are two sets of jumpers on the MLR. 


B. One set controls the crosspatch clock speed 
(normally set to 50 Kb) and the other set 
connects termination resistors to the receive 
lines from the 303, as described above. 
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11.2 MUR-MHX High Speed Modem Interface 


MHX - 2100228G01 
MUR — 2101529608 


This interface (MUR, MHX and a DMA) supports 
communication between a Pluribus and a variety of 
modems. It supports the Arpanet synchronous’ line 
protocol at speeds up to 1.344 Mb. The interface is 
programmed like any other DMA device; special features 
and unusual control sequences are discussed below. 


Facilities are provided to crosspatch’ the 
interface before the modem so that it receives its own 
transmitted data, and to loop data back through the 
modem. This permits testing both the interface and the 
modem under program control. 


Data buffering is provided on the card to tolerate 
delays in response to either data access or interrupt 
requests of up to approximately 512 bit times on both 
input and output, without loss of data or line 
throughput. Additional delays of indefinite length can 
be tolerated by the output side -by sending a line 
protocol idle sequence. 


Multiple independent memory buffers can be chained 
together to form a single line packet for transmission. 
Similarly, a single line packet can be received and 
broken into a number of different memory buffers. 


The lines to the modem are driven by balanced line 
drivers, or received by high-impedance differential 
receivers, permitting connection of multiple interfaces 
to a single modem for reliability. The termination 
resistors on the receive and transmit lines can be 
removed to permit proper impedance matching when 
multiple interfaces are connected to a single modem. 


A timer is provided to disable the output to the 
modem if the transmit status word has not been written 
every 1 second. This prevents a failed interface from 
interfering with the transmissions of the other 
(operational)interface. This timer does not affect 
operation on an internally crosspatched interface. 
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A socket is provided on the MUR board _ for 
connecting a Reload card (RLD). This is a send-only 
connection, and operation of the interface is 
unaffected by the presence or absence of an RLD. Bit 
15 of the device type code is set to indicate an RLD 
connection. 


Device number selection, PI level selection and 
address, and 8 bits of device characteristics are 
switch-selectable. The card device type is wired to be 
De If an RLD cable is plugged into the interface, the 
card device type becomes 85. 


11.2.1 Line Protocol 


All data on the line, both text and control, is 
organized as 8—bit bytes, and sent low-order bit first. 
There are four control bytes: 


NAME CODE (OCTAL) 
SYN 026 
DLE 020 
STX 002 
ETX 203 


The protocol on the ine is as follows: 


SSDST DD T DS T DECCC §S5 
YYLT E LL E LY E£ LTCCCc YY 
NNEXK X EE X EN X EX123 NN 


| 


! T T T ! 
(1)!1(2) (3) (4) (3) (5) (3) (6)!(7) 
oe ke A A 


At least two SYN characters separate each two 
messages. An idle line is filled with SYN characters. 
The beginning of a message is indicated by the sequence 
DLE, STIX. The following characters are text; the text 
may be of any length. The text is made up of 
characters taken from the buffer to be sent. The right 
half-word is sent first, then the left half-word. 
There is always an even number of text characters in a 
valid packet. 
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When the escape character DLE appears in the text, 
the hardware inserts an additional DLE. If text is not 
available from core in time, the sequence DLE SYN is 
sent as an idle protocol until text becomes available. 


The end of a packet is indicated by the sequence 
DLE ETX. Each packet is followed by a 24-bit CRC 
checksum, sent as three 8-bit characters. The 24-bit 
CRC checksum is generated and checked on all of the 
serial data from "DLB STX" to "DLE ETX" inclusive. 
Note that doubled DLE’s and the "DLE SYN" idle sequence 
are included, and that the checksum is generated on 
byte-serial data sent LSB first. 


The polynomial used is: 
12 6 12 10 4 3 

(X +X +X+1)(X +X +X +X +X+1) 

On the receive side, the SYN pattern is used to 
detect character sync. During receipt of text, DLE is 
the escape character, and must be followed by: 
1. another DLE, in which case one is discarded, 
2. a SYN, in which case both are discarded, or 


3. an ETX, in which case the end of text is detected. 


Any other character indicates a line failure, and 
the packet is discarded. 


11.2.2 Programming 


The MUR interface communicates with the DMA in the 
conventional fashion, and as such 1s programmed in a 
conventional way. 


Points of interest are: 
1. Error Indication (End pointer read) 
a. The transmit side will report error if 
interrogated while active, or during the time 
between transmit reset (if it happened to be 


written) and writing the next transmit end 
pointer. 
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b. The receive side will report error for the 
following conditions: 


(1) packet format error detected (2) 
internal buffer overflow (3) checksum error 
detected (4) internal buffer in a bad _ state 
(5) interrogation while active 


Interrogation after a receive reset will report error 
because of (4) above. 


2. Format errors, checksum errors, or buffer overflow 
reset the receive finite state machine (FSM) to look 
for character sync and flag the data as error, but 
do not flush the buffer. 


Error-flagged buffers may lose the last byte of 
data (and will certainly lose some data if the error 
has been caused by buffer overflow). 


3. The receive side will report "LAST PACKET" if there 
is no error, as defined above, and the end of the 
packet has been received and checked. 


4. Buffer overrun is not considered an error, to permit 
receive chaining. If the program considers this an 
error, it should write a receive reset. 


5. Writing a new begin pointer,or a reset to either 
side while the side is active is recommended only as 
an infrequent practice, since there is quite small, 
but finite, probability of “hanging™ the bus as a 
result. 


The following describes normal operation: 


Writing a begin pointer while a transfer is 
in progress makes the related side of the 
interface go inactive and causes an interrupt. 


A “receive reset" while active flushes the 
input buffer, makes the receive side go inactive, 
forces the receive FSM to look for character 
sync, and generates an interrupt. 
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A "transmit reset" while active flushes’ the 
output buffer, makes the transmit side inactive, 
and generates an interrupt. 


6. Upon detection of a transmit data quit, the program 
must write transmit reset, which will cause a zero 
checksum followed by "end of message" format to be 
sent. Failure to do this may result in the 
inclusion of a junk word in the middle of an 
otherwise valid packet. 


11.2.3 Configuration 


The following pages explain the strapping necessary to 
properly configure the MLX, MHX, and MUR boards. 
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12 MISCELLANEOUS BOARDS 
12.1 PAR - Parity Card 


PAR — 2101529608 


12.1.1 Purpose 


The I/O Parity Card (PAR) computes parity from 
data and address on the I/O bus during accesses to 
devices on that bus. This parity is then normally 
passed through the bus coupler involved in the 
reference and checked against computed parity at the 
processor end. Two different implementations of parity 
checking are possible, depending on the choice of 
jumper wires on the card. 


In the first scheme, the bus coupler (data source) 
generates parity for write data and checks parity for 
read data. 


In the second scheme, the bus coupler always 
checks parity. 


12.1.2 Write Source Gen. or Class. Parity 


This method only works with data stored in memory. 
During write cycles the parity is computed and stored 
in memory with the data. When data is read, parity 
must be retrieved from memory with the data. The 
parity is then checked for errors. 


Classical Parity provides shorter memory read and 


write cycles and is preferred for use with data stored 
in memory and will not work for I/O devices. 
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12.1.3 Write Source Check or Feedback Parity 


In this scheme, parity must be computed for both 
read and write operations to allow for checking at the 
far end of the bus coupler. This method must be used 
for I/0 devices, either feedback parity or classical 
parity can be used for memory. 


During a write to the I/0 bus, the access is 
suspended for a sufficiently long period to compute 
parity by asserting the HOLD line. When HOLD is turned 
off, the reference goes to completion. HOLD is again 
asserted on the trailing edge of STRB, for the next 
cycle, During a read, HOLD is turned off as quickly as 
possible by the leading edge of STRB. 


Parity 1s constantly being computed, but the 
parity passed to the bus will not be good until a 
sufficiently long time after DONE to allow for the 
computation. The fall of STRB turns HOLD back on. 


There are three options for further determining 
when parity should be computed based on address. These 
are again jumper selectable. 


1. I/0 only - Parity will be computed only for 
accesses with addresses within system I/0 space 
(FCOO0-FFCO0). This is the normal mode for 1/0 
busses. 


2. except memory reads - Parity will be computed on 
all accesses except reads from addresses in system 
memory space (0-FC000). This is usually used on 
combined M/I busses. (Note that since we do not 
use parity cards on extended busses, no parity is 
computed for devices on extended busses. 


3. all addresses - Parity will be computed on all 
accesses. 
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12.1.4 Parity Algorithm 


One parity bit is associated with each of the two 
bytes of a word. The parity computation includes not 
only the 8 data bits of the byte but also the 20 
address bits of that byte. 


Note that the address of the left (high order) 
byte ends in a 0; the address of the right (low order) 
byte is odd. The parity bit is chosen such that the 
total number of one bits in the address, data, and 
parity bit is even. 


Since the low order address bit is not relevant 
during a word (as opposed to byte) reference, the PAR 
ignores this bit and assigns the implicit addresses as 
above. This is because a processor may assert this bit 
when referencing memory during an indirect chain. Thus 
a direct reference might have different parity than an 
indirect one. 


On a byte reference, this bit is relevant and 
therefore is included in the computation. On byte 
references, the data and its parity bit appear in the 
low order byte position regardless of which byte it 
actually is. Thus the high order bits are ignored and 
the high order parity bit output is not meaningful. 


12.1.5 Implementation 

Timing of control and data paths is shown below: 
When Schottky parity trees are used a delay in the 
write control path can be eliminated to allow for the 


shorter computation time. This is jumper selected on 
the card. 


Schottky Standard 
WRITE (feedback only) 140 ns 200 ns 


READ (delay to be inserted 130 ns 75 ns 
in bus coupler) 


reference which does not 
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require parity computation 85 ns ~ 85 ns 
with feedback parity 


An objective in the design is to minimize the assertion 
of HOLD for off bus references. This is done by using 
a Schottky cross-coupled NAND latches for HOLD. 


When using write souce generation, the control 
path delays do not exist since HOLD is never asserted. 
Therefore, there are no write delays, but the same data 
read delays as for write souce checking. The two 
parity lines, PBHI and PBLO, are driven to the bus only 
when an I/O bus address is detected. 


12.1.6 Implications 


It is important to the proper operation of wither 
scheme that the bus coupler insert delays where 


appropriate to compensate for parity computation delay 
in the PAR. 


Therefore, on a read to the I/0 bus the BCM on 
that bus must delay DONE to the BCP long enough to 
allow for the computation. 


This does not apply to a write, since either no 
delay is needed or the required delay is built into the 
PAR; not does it apply to a memory bus, since 
presumably the correct delay is included in memories 
with parity. 


12.1.7 Configuration 


The following pages explain the strapping 
necessary to properly configure the PAR card. 
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12.2 PID — Pseudo-Interrupt 


PID — 2100131G01 


12.2.1 PURPOSE 


The Pseudo-Interrupt Device (PID) is a one-card 
slave-only device. It has three addresses: read, 
write and clear. Its function is to store 7-bit data 
and report the highest value which has not been read 
since it was written and not cleared. 


These levels are read from and written to data 
bits 1-7 (FE); all other bits are ignored. Each of the 
128 possible 7-bit levels is represented by a latch in 
an array of addressable latches. The outputs of all 
the latches are input to a priority tree to determine 
the highest number stored. Master Reset causes a 
sequencer to clear each latch. 


When a write is recognized at the write address, 
the latch addressed by the data lines is set. 


When a read is recognized at the read address, the 
output of the priority tree (corresponding to the 
highest level set, 127 > 1) is output to the data 
lines, and the corresponding latch is cleared. Level 
zero is always set. If a number is written to _ the 
clear address, the appropriate latch is cleared. 


A set of seven LED indicators at the edge of the 
card indicates the highest level currently set. 


12.2.2 Addresses (XY=E0, E8, FO, F8) 


FXY00 write address 
R/W* 


FXY02 read address 
R only 


FXY04 clear address 
R/W* 
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Although FXY00 and FXY04 are functionally write 
only locations, a read returns the same number that 
would be obtained by reading the read address (FXY02), 
but without clearing that level. 


12.2.3 Configuration 


The folowing pages explain the strapping necessary 
to properly configure the PID. 
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12.3 RIC 


RTC — 2101529610 


12.3.1 Purpose 


The RIC is a one board device. The - clock 
generates two varieties of pseudo-interrupts, one every 
1.6 ms and the other every 25.6 ms. A 16-bit counter, 
which is incremented every 100 us, may be read by any 
other device. The Infibus signal CLKA (25 Mhz clock 
generated by the BCU) is divided by 2500 to drive the 
16-bit counter. 


A device may read the contents of the counter by 
issuing a read to the clock counter address. Reading 
the counter while it is incrementing is avoided by 
having the RTC perform a null bus operation (writing a 
zero to the PID) while it increments. Since it is bus 
master at that time, no other device can be reading the 
clock. 


A one~second timeout disables the incrementing on 
the clock and all resulting bus accesses. The timeout 
is prevented by resetting the timer and keeping the 
timer reset with any clock access at least once a 
second. Master reset also stops the clock. The 
counter is tapped at the fourth and eighth bits to 
drive the interrupt logic. 


When it is time to interrupt, a bus contention is 
initiated and the appropriate switch-selected pseudo- 
interrupt level is written as data to the PID address. 
The pseudo~interrupt levels are program readable. 


Three other readable locations are on this device. 


The data is switch-selectable and can be used for 
system parameters, such as the IMP number. 
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12.3.2 Addresses (XY=E0,E8,F0,F8) 


FXY06 clock counter 
FXY08  ##pseudo-interrupt levels 


the high-order byte contains 
the 25.6 ms PID level (slow) 


the low-order byte contains 
the 1.6 ms PID level (fast) 


FXYOA Low Order Byte — IMP Number 
FXYOC not used 
FXYOE not used 


NOTE: A write to these locations is a null operation. 


12.3.3 Configuration 


The following pages explain the strapping 
necessary to properly configure the RIC. 


Miscellaneous Boards 171 


Pluribus Board Configuration Manual REV B 


12.4 RIT 


RTT -— 2105513601 


12.4.1 Purpose 


The purpose of the RIT with temperature sensing is 
two-fold. One, to provide a Real Time Clock with the 
same functionality as it predicessor discussed in _ the 
previous section, only in a PC version of the board 
versus the wire-wrap version. Two, to provide four 
remote temperature sensing channels for a Pluribus 
system cabinet. 


12.4.2 Description 


Four thermocouples are mounted strategically within the 
pluribus system and connected to four thermocouple 
channels on the RIT board. Each channel converts 
temperature measurements in the range of 0-64 degrees C 
(32-150 degrees F) into an 88-bit binary code. 
Previously unused switches on the RIT have been removed 
and their Infibus addresses, FXYOC and FXYOE are used 
to access each pair of channels over the 16-bit Infibus 


by the software. These registers are updated every 
820usec. 


If the temperature within a Pluribus system 


deviates from within acceptable limits appropriate 
traps are generated and reported to the NOC. 


12.4.3 Addresses (XY=E0,E8,F0,F8) 


FXY06 clock counter 
FXY08  pseudo-interrupt levels 


the high-order byte contains 
the 25.6 ms PID level (slow) 


the low-order byte contains 
the 1.6 ms PID level (fast) 
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FXYOA Low Order Byte - IMP Number 

FXYOC High Order Byte - Channel 0 
Low Order Byte - Channel 1 

FXYOE High Order Byte - Channel 2 
Low Order Byte - Channel 3 


NOTE: A write to these locations is a null operation. 


12.4.4 Configuration 
The following pages explain the _ strapping 


mecessary to properly configure the RIT (with 
temperature sensing). 
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13. INFIBUS 


The purpose of the Infibus is to provide the 
primary power and the communication path between 
devices. The term Infibus is often used in one of two 
ways: 


1. The bus and bus protocol 
2. The physical bus that makes up the backplane of a 
card cage. 


The first usage implies the presence of the BCU. 


Physically, the bus is a four-layer, printed wire 
panel containing 16 or 24 slots. The outer two layers 
provide the signal lines. The inner two layers are 
power buses. 


Each line and power bus is connected to the same 
corresponding pin of each connector. Each device is 
inserted into one or more contiguous slots. 


Power for the bus is provided by one of two 
possible power supply configurations: 


1. A single power supply is plugged into the first 8 
slots of the bus, leaving 16 slots for devices 


2. A double power supply configuration is external to 
the bus, leaving 24 slots for devices. 


The BCU module provides bus control and _ thus 
occupies the first slot of every infibus. The 
remaining 15 or 23 slots are available for other other 
devices. 


A bus may be extended by adding another bus 
cabinet. This addition provides up to 23 more slots. 
The bus extender (a BXD card, a BXR card, and 2 cables) 
occupies one slot in each cabinet, leaving a total of 
29, 37, or 45 slots for devices. 


A low signal is active (asserted). A high signal 
is inactive (negated). 
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Only one device located on a bus has access to 
that bus at any one time. A device functions as both 
master and slave. A bus master (the device that has 
access to the bus) requests a data transfer with 
another(slave) device on the bus. The transfer is 
either a read or write. 


The bus master communicates with the other devices 
located on the Infibus using the following information: 


20-bit Address 

Access type: Read, Write, or Read-Modify-Write 
Data size: Word or byte 

Data (write access only) 

Parity 


Each device on the bus continuously monitors the 
address transmitted by the bus Master. When a device 
recognizes its own address on the bus, the device 
becomes a slave (in terms of bus access). This slave 
device then performs the function designated by the 
address and control lines. When the function is 
complete, a DONE signal is returned. 


The DONE signal notifies the master that: 


5 


1. Data from a read access is available 


2. The bus master relinquishes control to the bus, 
and the BCU choses the next bus master from among 
those devices that have requested bus access. 


13.1 Master Slave Modules 


System modules that request and recieve bus access 
are called master modules. A master module instructs 
another system module(slave module) to receive or 
transmit data. Processors, DMA devices and the control 
panel are examples of master modules. 


Memory modules always function as slaves since 
they cannot cause another module to execute an action, 
A master module functions as a slave if addressed by 
another master module. 
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If a device does not recognize the address’ that 
the master relays to the bus, or if the slave device 
malfunctions, the action is aborted. The BCU sends a 
QUIT signal (level 6 interrupt) to the bus master after 
a predetermined amount of time has elapsed (the 
particular bus determines this time period). 


Once a QUIT signal is sent, the bus master 
relinquishes bus control, and the BCU grants bus access 
to the next requesting device. The BCU hardware 
determines the amount of elapsed time between the QUIT 
signal and bus access (usually between 3 and 800 
microseconds). 


Processor busses normally have the longest QUIT 
timeouts (300 tO 800 us), I/O busses, the next longest 
(30 to 300 us), and memory busses the shortest (3 to 30 
us). 


13.2 Addressing 


It is possible that two different devices on a bus 
may recognize the same address. If both of these 
devices repond to the same bus access and initiate an 
action or a DONE, the system will malfunction. To 
prevent this occurrence, devices use an _ external 
criteria to resolve which device becomes the slave. 
The address recognition switches on each system device 
are normally set to recognize mutually exclusive 
portions of the system address space. 


The BCU generates an initialization signal, called 
RESET (interrupt level 4), to each of the attached 
devices. Devices receive this signal 1.) when power is 
being restored, 2.) the bus is reset from the console 
or from another processor, or 3.) a bus transaction has 
not occured for over second. 


When a device receives the RESET signal, it 


terminates its activity and initializes its registers 
and indicators. 
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13.3 Bus Access and Service 


Data transfers between system devices occurs in 
two cycles: a select cycle and a service cycle. Based 
upon priority and precedence, the BCU selects a_ single 
system module from all requesting modules. During the 
service cycle, the selected module gains access to the 
bus and performs the required data transfer. The 
select and service cycles overlap in time. 


A device may request bus access for data transfers 
while the current service cycle is still in operation. 
When bus access is available the device 1s notified. 
This overlap in selection and service maximize system 
efficiency. 


Requests for bus access are received by the BCU on 


service request lines according to the access function 
required. 


There are three types of access functions on the 
Infibus. The functions, the corresponding service 
request lines and the priorities are listed below. 


Service 

Communication Function Request Line Priority 
Module Service Request SRLD 1 

{ SRL4 2 
Interrupt Service Request { SRL3 3 

{ SRL2 4 

{ SRL1 5 
Processor Service Request  SRLC 6 


13.4 Selection and Service Control 


The control sequence used during selection and 
service follows the same pattern for all modules. For 
each set of service lines (SRLx), there is a 
corresponding set of select lines (SELx). SELx, 
together with the precedence pulse, PCDA/B, is the 
first response by the BCU to a service request. 
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13.4.1 Module Service Request 


A module service request occurs when a system 
module requires the bus to perform a direct data 
transfer. 


These direct data transfers are independent of 
processor control and have the highest priority. 


SELECT CYCLE 


When select line SELD is "high", one or more 
master modules can activate service request line SRLD. 
If no master module is selected and waiting for the 
next service cycle (indicated by SACK being "low"), the 
BCU sets the SELD line "low" and, after a delay, the 
precedence pulse (PCDA/B). 


SELD goes to all modules simultaneously and 
temporarily prevents additional requests for the 
Infibus. The precedence pulse is propagated (chained) 
through: all modules until it reaches the first master 
module requesting the Infibus with  SRLD. This 
requesting master module, highest in the precedence 
chain, blocks further propagation of this signal. 


By receiving SELD and PCDA_ together, the 
requesting master module is selected for the next 
service cycle. This Selected Master module then sets 
select acknowledge (SACK) "low", and then removes 
service request SRLD. The BCU sees SACK "low" and 
removes the select (SELD) signal. By setting SACK 
"low", the waiting master module inhibits further 
select cycles. 


SERVICE CYCLE 


The waiting Selected Master module monitors’ the 
strobe line (STRB) to determine when the Infibus has 
been released by the Service Master module. Timing is 
derived from STRB. When STRB is removed, the Selected 
Master module becomes the Service Master. It sets 
address and control lines and the data lines if the 
operation is a write "low", 
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Status, indicating that the addressed slave module 
either is not present in the system or is inoperable. 


13.4.2 Interrupt Service Request 


An interrupt service request can occur on any of 
four assigned lines when a system module requires the 
bus to interrupt the control processor instruction 
execution sequence. 


SRL4 will initiate a level four interrupt which is 
reserved for system fault and RTC/RIT interrupts. The 
BCU also initiates a level 4 interrupt upon detecting 
a local power-failure, power-restart or a line- 
frequency (jiffy) interrupt. 


SRL3 will initiate a level three interrupt which is 
reserved for high data rate, input-output devices such 
as disk, drums and magnetic tapes. These devices 
normally operate in a block transfer mode which allows 
direct communication with memory or another controller. 
None of the systems we maintain use a level three 
interrupt. The central processor is interrupted when 
the end of the block transfer occurs. 


SRL2 will initiate a level one interrupt which is 
reserved for slow I/O input-output devices such as card 
and paper-tape readers and punches. None of the 
Pluribus systems use the level two interrupt. 


The paper-tape reader and the cassette reader are 
both polled devices. Since they are only used by the 
bootstrap loader as polled device, their interface is 
not configured to use this interrupt. 


SRL] will initiate a level one interrupt which is 
reserved for slow I/0 devices and is also shared by 
manual system interrupts. Pressing the "ATIN" on _ the 
control panel or asserting bus signal EXAT (external 
interrupt) causes a level one interrupt. 


An example of an external interrupt 1s a remote 
power failure. Corresponding to each of these four 
interrupt service request lines are four interrupt 
select lines (SEL1-4) that are used by the BCU with the 
precedence pulse to select the interrupting device for 
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the next service cycle. 


The bus access sequence for the interrupt function 
is similar to the access sequence for SRLD. Once a 
line interrupt request is selected on any of the four 
lines, all four interrupt levels are masked 
automatically by the processor. If a specific 
interrupt deserves priority over the current level, it 
is necessary for the current interrupt routine to 
enable the other level. When’ selected and granted 
service, the selected module places its device number 
on the data bus. This number is typically the address 
of the interrupting module and is stored in the 
executive space of memory. This device number is used 
by the processor when addressing the module in response 
to the interrupt Service Request 


13.4.3 Internal Interrupts 


Internal interrupts are a group of events 
recognized by the BCU which cause a processor response 
Similar to a Line Interrupt. Power Failure, Restart 
and Line Frequency interrupts cause level four 
interrupts. The Infibus signal EXAT results in a level 
one interrupt. 


To the processing system internal and line 
interrupts appear identical; however, the Infibus 
response differs. To a system user, this difference is 
unimportant since internal interrupts are not involved 
with any design. They exist as an internal function of 
the BCU with precedence higher than any system module 
which shares levels four or one. 


13.4.4 External Interrupts 


External interrupts are interrupt signals external 
to the Pluribus. The External Interrupt Module, 
interfaces these signals and initiates line interrupts. 
The module provides selective interrupt masking 
identivies each external interrupt signal with a unique 
module address. 
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13.4.5 Self Interrupts 


Self interrupts are generated by each processor as 
a trap for the two recognizable and significant failure 
conditions - unimplemented instructions and Bus Cycle 
Transfer failure. 


These interrupts are a function of processor 
microcode operation. They do not use unique Infibus 
operations nor do they share levels one through four. 
Interrupt levels five and six are provided for the Self 
Interrupts and each processor has unique memory 
locations assigned for these interrupts. 


13.4.6 Line Interrupt Operation 


The BCU continuously monitors the interrupt 
service request lines. 


If an interrupt service request is received and 
interrupts are not inhibited by the MINH signal, and 
the particular interrupt line is not masked by a 
programmable mask bit, the BCU signals the processor 
that an interrupt condition has been detected and that 
the instruction sequence should be interrupted at the 
end of the current instruction. 


When the current instruction ends, the processor 
Signals the BCU which then transmits the corresponding 
select (SEL1-4) signal and, after a delay, issues the 
precedence pulse PCDA. An interrupt requesting master 
module, upon receiving an SELx corresponding to its 
SRLx and ae precedence pulse becomes selected, 
inhibiting the further propagation of signal PCDA. 
This Selected Master issues SACK and then removes SRLx. 
The BCU removes the select signal SELx. When the 
current service cycle is completed, the waiting 
Selected Master becomes the Service Master. An 
interrupt Service Master does not drive the address bus 
but does place its module address on the data bus and, 
after a delay, sets the strobe signal "low" to indicate 
the data bus can be read by the processor. The 
processor issues DONE and the service cycle terminates. 
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During the interrupt service cycle, the BCU sends 
to the processor the number of the interrupt line 
serviced. The firmware accepts the interrupt line 
number and stores the module address, processor current 
status and program counter into the system interrupt 
executive space corresponding to the accepted line, 
then vectors to the interrupt routine. 


The executive space allocation is shown in figure 
1. This priority interrupt process avoids device 
polling because the interrupting module address is 
automatically stored in a location determined by the 
processor microcode, 


The interrupt response time is 5.9 microseconds 
assuming an 850—-nanosecond core memory. This time 
includes all of the content switching - module address, 
program counter, status register and interrupt vector - 
and the fetching of the first instruction of the 
interrupt service routine from core memory. 


! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
4 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0018 ! OO1A ! OO1C ! OO1E ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
3 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0010 ! 0012 ! 0014 ! 0016 ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
2 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0008 ! 000A ! 000c ! OOOE ! 
! MODULE ! STATUS ! PROGRAM ! SERVICE ! 
1 ! ADDRESS ! ! COUNTER ! ROUTINE ! 
! ! ! ! VECTOR ! 
! 0000 ! 0002 ! 0004 ! 0006 ! 


Figure 1, Interrupt Executive Space Allocation 
Processor Service Request 
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A processor service request occurs when = any 
processor requires access to the bus to execute 
programmed instructions. 


Since all processors use the same service request 
line, SRLC, processors are designed such that, once 
they have been selected for access, they will not 
assert the service request line again until all 
processors requesting access have been serviced (SRLC 
becomes imactive). Therefore, one processor cannot 
withhold access to the Infibus from all other 
processors. The processor function has_ the lowest 
priority. 


PRIORITY 


Simultaneous requests on two or more service 
request lines are resolved in the BCU by priority 
logic. 


PRECEDENCE 


If several modules request service simultaneously 
on the same service request level, the module 
physically nearest to the BCU gains access because the 
closest requesting module traps the precedence pulse. 


The precedence pulse generated by the _ bus 
controller is chained from module to module with the 
nearest module receiving the pulse first. Due to this 
precedence pulse chain, it is imperative that all 
modules propagate the precedence pulse and all modules 
be installed adjacently on the Infibus. 


13.5 Infibus Line Description 

In this description, signal and control lines on 
the Infibus are described according to function and 
load. 


Function - defines the signal or line and its use in 
the system. 


Load - describes the source module where the Signal 
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originates, and the terminating module where the signal 
terminates. 


13.5.1 Select Cycle Lines 
Fourteen lines are reserved for module selection. 
PCDA/B-P - Precedence Pulse (pin 25A, B) 


Function - PCDA-P is the precedence chain pulse 
received at the input to a given module. If the device 
is imactive on the level of the particular SELx 
currently asserted, PCDA is propagated to become PCDB 
as an output. PCDB is connected on the Infibus_ to 
become PCDA of the adjacent card, 


Load - The signal has one originating source, the BCU, 
and is propagated right to left (from module insertion 
side) by each module if it is not requesting bus access 
on a selected line. 


SACK-N - Select Acknowledge (Pin 26A) 


Function -— SACK is sent to the BCU by a device module 
to indicate that the module recognizes selection for 
the next service cycle. The selected module sets 
SACK-N "low" in response to receiving SELx and PCDA 
before setting its SRLx "high". 


Load ~- SACK has one load, the BCU, and as many _ sources 
as there are master modules in the system. 


SRLD-N - Service Request, Device (Pin 354A) 

Function - Set "low" by a module to request bus 
access. SRLD-N initiates bus controller select cycle 
when the previous SACK is removed. SRLD must be _ set 


"high" after SACK goes "low". 


Load -— SRLD has one load, the BCU, and as many _ sources 
as there are master modules in the system. 


SRLI-N, SRL2-N, SRL3-N, SRL4-N - Service Request, 
Interrupt (Pins 36-39A) 


Function - Line set "low" by a module to indicate an 
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interrupt condition has occurred. SRLx-N initiates a 
BCU select cycle when the previous SACK is_ removed. 
SRLx must be set "high" after SACK goes "low". 


Load — These lines have sources from each system module 
that can generate a system interrupt on that level. 
Each line has one load in the BCU. 


SRLC-N - Service Request, Computer (Pin 34A) 


Function - SRLC is set "low" by processors to request 
bus access. SRLC-N must be set "high" after SACK goes 
"low", 


Load — SRLC has one load on the BCU, one load and one 
source on each processor. 


SELD-N - Select, Device (Pin 35B) 


Function -— SELD is used along with the precedence pulse 
to select the module for bus access. SELD-N is 
returned by the BCU in response to _ SRLD. SELD is 
removed after SACK is received by the BCU. 


Load -— SELD has one source, the BCU, and as many loads 
as there are master modules in the system. There is no 
unique receiver for SELx and therefore it is used 
directly in the logic. 


SELI-N, SEL2-N, SEL3-N, SEL4-N - Select, Interrupt 
(Pins 36-39B) 


Function — SELx is used along with the precedence pulse 
to select the module for bus access. SELx-N is 
returned by the BCU in response to SRLx. SELx is 
removed after SACK is received by the BCU. 


Load — Each line has one source, the BCU, and as many 
loads as there are system modules that can generate a 
system interrupt on a defined level. 


SELC-N - Select, Computer (Pin 34B) 


Function — SELC is used along with the precedence pulse 
to select the highest precedence processor that is 
requesting access. SELC-N is returned by the BCU in 
response to. SRLC. SELC is removed after SACK is 
received by the BCU. 
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Load - SELC has one source, the BCU, and as many loads 
as there are processors on the Infibus. 


13.5.2 Service Cycle Timing 


Three control signals are used to delineate the 
service cycle: STRB, DONE and QUIT. 


STRB-N - Strobe (Pin 27B) 


Function — The leading edge of STRB indicates’ the 
Infibus address, data (if write mode) and control 
Signals are stable. The trailing edge indicates’ the 
service cycle is complete and the selected master may 
begin its service cycle. 


Load - STRB is bi-directional and may have both a 
source and a load in every system module. 


DONE-N - Done (Pin 27A) 


Function - DONE is issued by the slave module to 
indicate that the bus service cycle is completed. In a 
READ cycle, the leading edge of DONE indicates valid 
data. In a WRITE cycle, the DONE indicates data 
acceptance. When DONE is received by the Master, it 
terminates the Service cycle, removing the Address, 
Control and Data signals from the bus. 


Load - DONE is bi-directional and may have both a 
source and a load in every system module. 


QUIT-N Quit (Abort) (Pin 26B) 


Function — QUIT has several functions. Principally, it 
is used to signal the master module that the slave 
module did not transmit DONE within 5 microseconds 
after the start of the cycle. Alternatively, it is 
generated by a parity checking memory to indicate 
parity failure, a bus coupling module to indicate 
transfer failure, and a memory protection module to 
indicate private memory. The QUIT is used to cause a 
Master to terminate its Service Cycle and to indicate 
invalid data transfer. The master module may record 
the receipt of QUIT as a cycle-abort status and 
initiate a processor interrupt. 
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Load —- This signal has multiple possible sources but 
principally the BCU, and as many loads as there are 
master modules, 


13.5.3 Read/Write Control 


Three control signals (RITE, HCYC, BYTE) are used 
to specify Read/Write operations. 


RITE-N, HCYC-N, BYTE-N - Control Lines (Pins 234A, 
24A, 23B) 


Function -— These lines are used by the Selected Master 
module to command a read or write function within the 
slave module. RITE, when “low", specifies a Write 
function. HCYC, when "low", specifies a half-cycle 
memory function. BYTE, when "low", specifies a byte- 
only transfer using data bits DBO7-DB00. Combination 
functions of these three signals are listed in the 
below table. 


RITE-N HCYC-N BYTE-N FUNCTION 

L Write Only, Byte * 

H Write Only, Word * 

L Clear-Write, Byte 

H Clear-Write, Word 

L Read-Clear, Byte 

H Read-Clear, Word 

L Read and Restore, Byte 
H Read and Restore, Word 


* A Read-Clear function must occur first 
in core memory. 


Load - The lines are bi-directional and have aé_e source 
in each master module using the lines and a load in the 
slave modules. 


Infibus 193 


Pluribus Board Configuration Manual REV B 


13.5.4 Address and Data 


A set of 16 lines is used for address transmission 
and another set of 16 lines for data transmission. 


AB15-ABOO-N Address Lines (Pins 10-14A, 17-19A, 10- 
14B, 17-19B) 


Function — Master system modules and addressable slave 
modules use these lines for addressing functions. ABI15 
is the most significant address line and ABOO is the 
least significant. ABO0O, when "low" in the byte mode, 
specifies the rightmost byte (odd numbered); when 
"high", specifies the leftmost byte (even numbered) of 
a 16-bit word. When byte mode is not indicated the the 
BYTE Infibus signal, ABOO is unused for addressing but 
rather may indicate multilevel indirect addressing. 


Load - These lines are bi-directional. They have a 
source at any master module that can request bus 
service. Each line has a load at every slave module 
with an addressable function. 


DB15—-DBOO-N - Data Lines (Pins 41-48A, 41-48B) 


Function — All data transfers between system modules 
are these lines. DB15 is the most significant data 
line; DBOO is the least significant. Single-byte 
transfers use lines DBO7-DBOO only, the rightmost byte. 
In transmitting a byte, lines DB15-DB08 should be high 


or zero. However, in receiving a byte, DB15-DB08 are 
indeterminate. , 


Load - These lines are bi-directional. They may have 
both a source and a load at all addressable system 
modules. 


13.5.5 System Control 

There are thirteen lines in the Infibus that are 
used for special system functions. They are related to 
switch functions that control system-reset, autoload 
and power-line interrupts. 


REPB-N — Reset Push Button (Pin 07A) 
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Function - REPB is set "low" to cause the BCU to 
initiate a Master Reset operation. 


Load — The Console Panels are the source and one load 
is in the BCU. 


MRES-N — Master Reset (Pin 06A) 


Function -— MRES is set "low" by the BCU when it 
receives REPB, power-initiation (recovery) or power 
failure signals. MRES is used by all system modules to 
reset to an initial status condition. The activation 
of MRES is always delayed 2.2 to 3.0 milliseconds after 
receiving the initiation signal such as power failure 
or REPB. Prior to issuing MRES, the BCU terminates all 
bus transfers so that all operations will be stable 
prior to reset. 


Load - A source in the BCU and a load in each module 
that can be reset. 


PRAL-N — Power Restart Autoload (Pin 214A) 
Function — PRAL being "low" enables the BCU to generate 


a pulse on ATLD instead of a level four interrupt when 
a power-restart occurs. 


Load - The Control Panel is the source and the BCU is 
the load. 


ATLD-N - Autoload (Pin 05B) 


Function —- ATLD is a pulse generated to initiate an 
autoload operation. 


Load - Multiple sources are possible. One source is 
the Control Panel logic responding to the "LOAD" switch 
and another is the BCU optional response to power 
recovery. One load exists on the ALD module. 


MINH-N - Master Interrupt Inhibit (Pin 054A) 
Function - MINH, when "low", inhibits the BCU from 
responding to any system interrupt. Processor self- 


interrupts are never inhibited. 


Load - The Control Panel is the source and the BCU is 
the load. : 
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PFIN-N - Power Failure Interrupt Inhibit (Pin 21B) 


Function —- When PFIN is "low", it inhibits the BCU 
generation of an interrupt service request on level 
four when the power status line, PWST, indicates power 
failure. 


Load —- A source in each of the Control Panels and a 
load in the BCU. 


PRIN-N - Power-Restart Interrupt Inhibit (Pin 22A) 


Function - Setting PRIN "low" inhibits the BCU 
generation of a level four interrupt request whenever 
PWST indicates power restart. 


Load - The control panels are the sources and the _ BCU 
is the load. 


PWST-N — Power Status (Pin 06B) 


Function — PWST is held high by the power supply to 
indicate regulated power is available. Power supply 
logic activates this signal 3.3 milliseconds before 
loss of regulation due to power failure. Only the BCU 
monitors this signal. If the function is not inhibited 
by PFIN, the BCU initiates a level four interrupt 
request upon PWST going “low”. If PRIN is "high", the 
BCU will initiate a level four interrupt upon PWST 
going "high" after a delay to assure stable power 
conditions, Both the Power Fail and Power Restart 
interrupts have higher precedence than any module using 
SRL4. 


Load —- A source in the Power Supply and one load in the 
BCU. 


LFIN-N - Line-Frequency Interrupt Inhibit (Pin 22B) 
Function - Setting LFIN "low" inhibits the BCU 
generation of an interrupt service request on level 
four when the line frequency signal, LFRQ, is received 


from the power supply. 


Load —- The Control Panel is the source and the BCU is 
the load. 


LFRQ-N - Line Frequency (Pin 07B) 
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Function - LFRQ is set "low" by the power supply once 
each line frequency cycle (normally 60 Hertz). Only 
the BCU monitors this line. If the function is not 
inhibited by LFIN, the BCU initiates a leve. four 
interrupt. The Line Frequency interrupt has higher 
precedence than any module using SRL4, although it may 
be serviced simultaneously with a Power Failure.  LFRQ 
is used by the processor as jiffy clock where it 
compares it with the RTC/RTT clock signal to insure the 
RTC/RIT is working. Our diagnostics also use LFRQ. 


Load - One source in the Power Supply and one load in 
the BCU. 


EXAT - External Attention (Pin 08B) 


Function - Assertion of this line causes the BCU to 
initiate a level one interrupt. This interrupt has 
higher precedence than any module using SRLI. 


Load - Multiple sources are possible and one load in 
the BCU. 


CLKA-N — Clock (Pin 50A) 


Function — CLKA is generated by the BCU using a 25 MHz. 
oscillator. The signal represents the system clock and 
can be used by other system modules. 


Load - One source in the BCU and one load in each 
System module requiring a system clock. The RTC uses 
this signal as the base for its clock signal. CLKA is 
used by the processor as its clock. When doing XPATCH, 
this signal is used as the clocking signal. 


RUNN-N -— Run (Pin 08A) 


Function - RUNN is generated by all processors and is 
used by the Control Panel logic to light the halt and 
idle indicators. When RUNN is set "high", at least one 
processor is not halted -— either executing instructions 
or is idle. 


Load —- One source in each processor and one load in the 
system Control Panel logic. 
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13.5.6 Block Transfer Adapter Lines (BTA) 


A set of four Infibus lines is used to allow 
communication between any immediately adjacent modules. 
These lines are non-continuous. Signals appearing as 
output on BTIB (for example) are input at BTIA of the 
next higher numbered card location. These lines are 
primarily for special communication between a BTA and 
its slave I/0 controller. They are also used by 
processor modules. Function described below apply only 
to communication between a block transfer adapter and 
its companion I/0 controller. For other uses, the 
function can be uniquely defined. Any module that does 
not use these lines should propagate them by jumpering 
a A and B sides of the connector together. For 
example, BTIA (Pin 30A) should be jumpered to BTI1B (Pin 
30B). 


BTIA, BTIB - Bus cycle Request (Pins 30A, B) 
Function - The BT1A line is set "low" by the slave I/0 
controller to signal the BTA that a bus cycle is 
required. This signal is received on the - BTI1B 


connector pin of the BTA. 


Load - One source in each I/O controller and one _ load 
in the companion block 


received on the BT2A connector pin of the I/0 
controller. 
Load - One source in each BTA and one load in the 1/0 
controller, 

BT3A, BT3B - Controller Error (Pins 32A, B) 
Function — The I/O controller asserts the BT3A line to 
indicate an error condition to the BTA. This signal is 


received on the BT3B connector pin of the BTA. 


Load — One source in each I/O controller and one load 
in the BTA, 


BT4A, BT4B - Interrupt Request (Pins 33A, B) 


Function - The BT4B line is set "low" by the BTA to 
signal the I/0 controller to request a system 
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interrupt. The signal is received by the 1/0 
controller on the BT4A connector pin. This signal 
remains "high" until the BTA block-length register 
counts down to zero, the controller error BT3B is set 
"low" or an abort condition occurs during a block 
transfer. When the BTA is installed but not being used 
for direct data transfers, bus cycle request BT1B is 
sent back to the slave I/O controller on this line. 


Load — One source in each BTA and one or two loads in 
the I/O controller. 


13.5.7 Memory Option Lines 


The memory option lines provide system capability 
to expand the basic data and address Infibus control. 


KEYO (AB16)-N, KEY1(AB17)-N - Memory Protect Keys 
(Pins 20A, B) 


Function -— The KEYO/KEY] lines are alternately defines 
as AB16/AB17. They are dual purposed to provide either 
memory protection key signals or a memory address 
expansion. 


Load ~ Multiple sources are possible, typically, one 
source in each processor and one load in each memory or. 
memory interface module. 


KEYO-N (ALT), KEYI-N (ALT) - Memory Protect Keys 
(Pins 09A, B) 


Function - The alternate KEY0O, KEY1 lines provide 
common memory address expansion to 20-bits. These 
lines are not used on processor busses. 


Load —- Multiple sources are possible, typically, one 
source in each BCM, and one source in each I/0 
controller using 20-bit addressing. Each memory or 
memory interface module has one load. 


HOLD-N - Memory Cycle Inhibit (Pin 24B) 
Function - Setting HOLD "low" prevents any memory 


module from initiating a memory cycle. This signal is 
set "low" by a memory module when operating in the 
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interlocked mode. The BCU also asserts HOLD during an 
interrupt service cycle. A memory protect module 


asserts HOLD during the period it verifies protection 
keys. 


Load - One source in each memory protect module and one 
in the BCU. One load in each memory. 


PBLO, PBHI - Parity Bits (Pins 49A, B) 
Function — These lines provide for parity. 
Load —- Multiple sources are possible, typically, one 


source in each processor and one load in each memory or 
memory interface module. 


13.6 Pin Assignments 


Pin A Side B Side 
Numb @ fn rr 

01 GND GND 

02 GND GND 

03 +15V +15V 

04 +15V +15V 

05 MINH-N ATLD-N 

06 MRES-N PWSTI-N 

07 REPB-N LFRQ-N 

08 RUNN-N EXAT-N 

09 KEYO(ALT)-N KEY1(ALT)-N 

10 ABOO-N ABO 8-N 

11 ABO1-N ANO9-N 

12 ABO02-N AB10-N 

13 AB03-N AB1I-N 

14 AB0O4-N AB12-N 

15 GND GND 

16 +5V +5V 

17 ABO 5-N AB13-N 

18 AB06-N AB14-N 

19 ABO7-N AB15-N 

20 KEY0/AB16-N KEY1/AB17-N 

21 PRAL=L PFIN-N 

22 PRIN-N LFIN-N 

23 RITE-N BYTE-N 

24 HCYC-N HOLD-N 

25 PCDA-P PCDB-P 

26 SACK-N QUIT-N 
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STRB-N 
+5V 
+5V 
BT1B 
BT2B 
BTI3B 
BI4B 
SELC-N 
SELD-N 
SELI-N 
SEL2-N 
SEL3-N 
SEL4-N 
GND 
DBO8-N 
DBO9-N 
DB10-N 
DB11-N 
DB12-N 
DB13-N 
DB14-N 
DB15-N 
PBHI-N 
RESERVED 
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14. DEVICE HANDLING & 1/0 


Pluribus systems may be comprised of two types of 
I/O devices: pseudo-interrupt devices and priority 
interrupt devices. 


Two primary distinctions exist between’ the 
devices. The pseudo- interrupt devices use the PID for 
interrupt signaling and interpret 20-bit addresses, 
while the the priority interrupt devices use 
traditional priority interrupt mechanisms and interpret 
16-bit addresses. 


This section is primarily concerned with the 
specifics of programming pseudo~interrupt devices. 
However, special considerations relevant to programming 
priority-interrupt I/O devices in a Pluribus 
envrionment are detailed at the end of this section. 


14.1 Address Structure 


As shown in figure 1, system addresses FCOQO0O to 
FFBFF are reserved for Pluribus system I/0 space. The 
detailed structure of this space depends on_ the 
allocation of addresses to I/0 busses. 


The total system I/0 space is divided into four 
almost equal parts, two of which are assigned to each 
bus. 


The high address segment for each bus is referred 
to as the primary I/0 space and the low address segment 
as the auxiliary I/0 space. Note that the primary 
address space of bus 1 (from address FFO00 to FFBFF) is 
shorter than the other 3 segments by 512 words’ since 
these 512 =/ addresses are allocated to individual 
processor maps, registers, and local I/O space. 


Seventy-two words of address space are located at 
the beginning of each primary address space. These 
locations, associated with the clock (RTC/RTT) and PID 
on the bus, contain the bus coupler (BCM) control 
registers, and provide mapping for backwards bus 
coupling (using this bus). 
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The remainder of the system I/0 space is divided 
into 8-word blocks. These blocks, called device 
register blocks, are associated with an I/0 device 
(other than the clock and PID) and are attached to the 
bus. 


A processor activates an I/0 device by writing to 
a certain address within the device register block.. 
The number of I/O busses and the allocation of system 
I/O addresses to these buses creates structures that 
may vary from that shown. The switches on the bus 
couplers determines this allocation. 


The auxiliary and primary space allocations are 
identical with one exception. The highest address 
segment of the auxiliary is not reduced in size by 512 
words, and therefore, is the same size as the rest of 
the segments. 


The low 72 words of each primary segment is 
reserved on each bus. 


14.2 Programming DMA I/0 DEVICES 


DMA (Direct Memory Access) devices provide the 
means for the automatic transfer of blocks of data to 
(from) memory from (to) I/0 devices on the I/O busses. 


Even though the DMA hardware and its associated 
device interface are on separate cards, the programmer 
regards them as a single unit. 


In general, each data transfer involves sending or 
receiving a number of data buffers. Each data buffer 
consists of an integral number of words (an even number 
of bytes). 


The programmer uses three main registers to 
control data flow operations such as "read" or "write". 
The registers are: 1) the begin memory (buffer) 
address register, the end memory (buffer) address 
register, and the status register. 


These registers are contained in the 8-word device 
register blocks. 
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Each of these registers is described in detail 
below. 


DEVICE TYPE 


The high-order byte contains a number indicating 
the type of device interface involved (e.g. moden, 
host, etc.). The hardware in the device interface 
associated with the DMA determines the number. 


In general, the low-order byte contains the value 
set in the device number switches in the device 
interface. The device type register is readable; 
writing to it will have no effect. 


RECEIVE/TRANSMIT BEGIN ADDRESS 


These registers contain the high-order 16 bits of the 
20-bit system address that specifies the first location 
of the buffer to be read or written. 


Bits 1-3 of the 20-bit starting address are 
contained in the receive or trnasmit status register 
(see below). Bit 0 of the 20-bit system address is 
always 0. 


The beginning address registers may be either read 
or written. If read, the result returned is simply 
zero. 


Normally, when writing to this location, no data 
transmission will be in progress in the direction 
corresponding to the register written (receive or 
transmit). The device will simply be initialized to 
transfer a buffer; actual data transfer does not 
commence until the buffer-end register 1s written. 


If a transfer 1s in progress when the location is 
written, the transfer is aborted. The error bit (in the 
end address register - see below) will now be set, the 
PID written, and the corresponding half (receive or 
transmit) of the device initialized for transmission of 
a new buffer. 


RECEIVE/TRANSMIT END ADDRESS 
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These registers may be read or written. Normally, 
bits 0-12 of these registers are written with the low- 
order 13 bits of the address at the end of the buffer. 
(Bit 0 is actually ignored and assumed to be zero.) 


Writing to this address initiates the data 
transfer. Once the data transfer is completed, the 
programmer can read the registers to receive more 
specific information concerning the transfer. 


Bit 15, if set, indicates that no error has _ been 
detected, and indicates that this is the last buffer of 
the transfer. (Bit 15 is set when the last buffer is 
transmitted correctly.) 


Bit 0 serves as an error bit and is set if: (1) 
the device was reinitialized during the previous 
transmission (see above), (2) a QUIT occurred during 
transmission of the previous buffer, (3) the device is 
currently active (see RECEIVE/TRANSMIT STATUS below) or 
(4) the device itself is reporting an error. 


Bits 1-12 of the end address register indicate the 
address, module 2 to the 12th power, of the last word 
actually transferred. The top 7 bits of the DMA 
pointer into the buffer come from the begin address 
(see below) and never change. Therefore, the buffer 
will “wrap around” on 8K byte boundaries in memory. 


RECEIVE/TRANSMIT STATUS 


The receive and transmit status registers may also 
be both read and and written. 


Writing the RESET bit causes a particular half of 
the interface (receive or transmit) to reset itself. 


If that portion of the interface 1s active when 
the reset is initiated, the operation in progress will 
be aborted. In addition, the error bit in the _ end- 
address register will be set, and the receive or 
transmit level for the device will be written to the 
PID. 


Before writing the begin address, bits 1-3 of the 


buffer beginning location must be written to bits 0-2 
of the corresponding status register. 
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Reading one of the status registers allows a 
processor to determine the PID level associated with 
the data transfer direction, and to interrogate the 
QUIT flag. 


The PID is then written and the QUIT flag set if a 
QUIT occured during the previous data transfer. Such a 
result could indicate a parity error, non-existent 
address, etc. In this case, when the end pointer is 
read, the error bit will be set. 


The interpretation of the device-dependent status 
bits varies from device to device, but generally, these 
bits provide direct two-way communication between a 
processor and a device interface. 


If set, one of the device-dependent bits will 
become the ACTIVE bit, indicating that a transfer to or 
from the device is in progress. 


More precisely, a DMA device is active from the 
time that its end pointer is written (which starts the 
device) until the time that it writes its level to the 
PID (indicating it is done). 


DEVICE DEPENDENT 


This register can be optionally used by the device 
interface for any appropriate function. 


The assignment of data bits is arbitrary. 


To initiate a transfer by a BBN DMA device, the 
program typically performs the following steps: 


1. Write the STATUS REGISTER - This sets up the low- 
order 3 bits of the buffer start-word address and 
selects any desired options (e.g., looped modem). 
This procedure is normally done only once for a 
sequence of DMA transfers. 


2. Write the BEGIN ADDRESS REGISTER - This sets up 


the 16 high order bits of the buffer. start 
address. 


3. Write the END ADDRESS REGISTER - This sets the end 
address of the buffer and initiates the DMA 
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BBN 


transfer. 


When the PID level, indicating device completion, 
1s picked up by a processor, it will: 


Read the END ADDRESS REGISTER and check bit-15 
(completion). If set, the transfer was completed 
(i.,e., no error occurred and this is the last 
buffer of the transfer). Bits 1-12 indicate 
buffer length. 


If this bit is not set, bit 0 (error) is checked. 
If bit 0 is zero, then no error occurred but this 
buffer 1s not the last of the transfer. As above, 
bits 1-12 indicate buffer length. 


If bit 0 is one, then an error has occurred. 
These are differentiated by examining the STATUS 
REGISTER. If bit 13 (active) is set, the device 
is still active and the PID value was spurious. 
If bit 8 (QUIT) is set, a QUIT occurred during the 
transfer. Device dependent status bits may 
further define the error. 


In addition to the registers mentioned above, each 
block transfer type of device has a number of 


manually settable switches, These switches, located on 


the device interface, are as follows (the number of 
switches reserved for each purpose is shown’ in 
parentheses): 

1. Device Address Switch (10) - These switch settings 


define the address of the device register block in 
I/O space (see figure 6). The ten switches 
specify bits 4-13 of the address of the first 
register of the block. (Bits 14-19 of this 
address are all ones and bits 0-3 are all zeroes.) 


Receive/Transmit PID levels (7) - These _ seven 
switches define the number written to the PID upon 
completion of a data transfer. For duplex devices 
there aree two sets of switches. For simplex 
devices only a single set is provided. 


PID Address (2) - selects which of the 4 PIDS will 
be written to by the device. The selected PID 
must be on the same Infibus as the device itself. 
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4. Device Number (8) - In general, a set of 8 
Switches readable as the low-order byte of the 
first word in the device register block (see 
figure 8). 


14.3 Non-DMA I/O DEVICES 


Typically, non-DMA devices only contain a small 
amount of internal hardware buffering, and therefore, 
need to be frequently serviced by a processor(no slower 
than every few byte-times). 


The mechanism by which such a device is serviced 
can take one or two forms in Pluribus systems. 


One approach allows the device to be passive and 
puts the responsibility for servicing the device 
completely on the processors. For input, the 
processors have to poll the devices faster than the 
input rate so that no data is lost. For output, the 
processors have to deliver data to the devices at a 
rate sufficient to guarantee that no undesirable gaps 
within the data occur. 


Although such an approach permits a relatively 
simple hardware interface implementation, it may 
require an undesirable amount of processor overhead. 


An alternate approach is to make the device active 
with respect to notifying the processors when it 
requires service. In a Pluribus system this implies 
that the device will write its level to the PID when 
its internal buffers are ready. Checking whether’ the 
device needs service will, therefore, be done 
automatically as part of the main PID reading loop of 
the program. 


Such an approach, of course, requires more 
hardware in the device interface than does 
implementation of the first approach mentioned above. 
Both DMA and non-DMA I/0 devices which are addressed 
through system address space will have 16 byte device 
register blocks associated with them. In contrast to 
the DMA device register blocks which have a common 
format for all DMA devices, the structure of the non- 
DMA device register blocks will be device dependent. 
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15 BPK — BATTERY PACK 
15.1 Purpose 


The BPK battery pack sustains memory in the 
Pluribus system’s 16K ram SME memories during short 
power outages. 


15.2 Description 


The battery pack and the memory bus share the same 
power supply. The battery pack requires 2 voltages: 
+8.5 volts (nominal) and -5.2 volts (regulated) to 
provide a back-up power supply. The pack obtains this 
power from the +15 and -15 volt supplies that drive the 
.memory bus connected to the pack. 


The pack is normally mounted on the front of the 
power supply. Designed to ensure that 6 SME module can 
be sustained for a 1/2 hour minimum, the pack has_ two 
3-Amp Grasshopper fuses plugged into its front panel. 


NOTE 
The fuses MUST be removed 
when the packs are in storage 
or when power is not supplied 
to the unit. 


Leaving the fuses installed during these times 


will discharge the -10 volt battery and greatly reduce 
the life of the pack. 


15.3 Indicator Lights 


The battery pack has two indicator lights on its 
front panel. 


The CHARGE indicator lights if the pack delivers a 
charge current to either battery that exceeds the 


amount required to maintain a charged battery. 


The DC IN indicator indicates that both +15 and 
-15 volt supplies are getting to the BPK. 
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Loss of either voltage (or both) will cause the 
light to be off. 


15.4 Voltage Adjustments 
The pack contains three voltage adjustments: 
(1) +8 V - Adjusted to 9.05 volts +/- .03 volts. 
(2) -10 V - Adjusted to -11.35 volts +/- .03 volts. 


(3) -VREL - Adjusted to -5.20 volts +/- .03 volts. 


15.5 Preventive Maintenance 
At each PM: 
(1) Write down the voltage readings as found. 
(2) Adjust voltage readings if out of spec. 
(3) Do "Power Cycle". 
(4) Recheck Voltages. 
(5) Replace BPK if necessary. 


Yearly: Replace all BPKs. 
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16 POWER SUPPLIES 
16.1 Purpose 


1. Provides +15V, -15V and +5V regulated dc voltages 
to the Infibus. 


2. Provides a power status signal (PWST-N @ Pin 6B) 
to the Infibus. 


3. Provides a line frequency signal (LFRQ-N @ Pin 7B) 
to the Infibus. 


16.1.1 Power Failure (PWST-N) 


NOTE : When the BCU and the console are configured in 
a normal manner, the following information is valid. 


The PWST-N signal is normally "high", indicating 
that normal AC power exists. If the power supply’s AC 
power drops below 105V AC, the system has approximately 
3.3ms before a loss of regulation occurs. 


Once the power supply drops below the level 
indicated above, the power supply’s' line-failure 
detection circuit generates 10KHz pulses to the Infibus 
using the power status signal line (PWST-N Pin 6B). 
The BCU detects these pulses and causes a level 4 
power-fail interrupt. The BCU then starts a 2.2ms 
delay. The central processor (the processor 
electrically tied to the BCU, usually processor 0) 
processes this level 4 interrupt. After the 2.2ms 
delay, the BCU prevents further Infibus communications. 


16.1.2 Power Recovery 


NOTE : When the BCU and the console are configured in 
a normal manner, the following information is valid. 


When the power goes above 105V AC, the power 
status line is set "high". The BCU sees PWST "high" 
and starts a 2.2ms delay to ensure stable power 
conditions. After 2.2ms, the BCU generates a level 4 


Power Supplies 211 


Pluribus Board Configuration Manual REV B 


power reset interrupt. The central processor handles 
this level 4 interrupt and brings the system up. 


16.1.3 Line Frequency Signal (LFRQ-N)A 


NOTE : When the BCU and the console are configured in 
a normal manner, the following information is valid. 


LFRQ-N is low for 8.2ms each full cycle of the 
line voltage (about 60Hz). The BCU generates a level 4 
interrupt each time a pulse occurs. The central 
processor handles this level four interrupt as a jiffy 
clock interrupt. 


If this signal is incorrect or absent, a jiffy 
clock trap will be generated by the central processor. 


16.1.4 Descriptions 


16.1.4.1 Specifications 


Support 
Voltages Amperage Order Documents 
+ 15 40 PSl PS2A 
-15,+5 12 PS2 PS2B 
-15,+15,+5 12 PS3 PSI 


16.1.4.2 PSI 


Used in conjunction with the PS2, the PS1 provides 
the required Infibus power, and is housed with the PS2 
in a separate cage that does not contain an Infibus. 
The PSl and PS2 power suppies provide power to a 24- 
slot Infibus through cables that enter the cabinet from 
the rear. The PSl provides the Infibus with +15V 
regulated DC power. See PS3 for specifications. 
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16 el 4.3 PS2 


Used in conjunction with the PS1, the PS2 provides 
the required Infibus power. As described above, both 
the PSI and PS2 are housed in a cage that doesn’t 
contain an Infibus. The PS] provides the Infibus with 
+15V regulated DC power. See PS3 for specifications. 


16.1.4.4 PS3 


The PS3 plugs into a l6-slot Infibus. The input 
voltage is 105-125V AC, 47-63Hz. The regulated output 
is +15V, -15V and +5V plus or minus 1%. The maximum 
peak to peak riple and spikes is 150 mili-Volts. 

ee eee ee ee 


Circuit Protection 


1. Crowbar overvoltage protection shuts down the 
power supply at: 


+15V @ +19V 
+5V @ +7V 
-15V @ -19V 


2. A thermostat on the sub chassis which monitors the 
ambient operating temperature and the case 
temperature of most pass transistors (critical 
circuits) provides overtemperature protection. 


Upon detection of overtemperature, the power 
supply shuts down. A built-in fan supplements the 
normal CMD cooling. 


NOTE: Upon discovery of a shut-down power’ supply 
(neon indicator on the front panel of P/S is on, 
but there is no voltage out), the power supply 
must be power-cycled to restart the circuit. 
However, even though the power supply may work 
after the power was cycled, it should be replaced 
and returned to Cambridge for rework. 


3. Voltage protection diodes are positioned across 
each series regulator to prevent polarity reversal 


from exceeding approximately two volts. 


4, Line input current is limited by a 10-amp fuse at 
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the front panel of the power supply. 


Adjustments 


Power supply adjustments can be made either 
through openings on the front panel, or, on older 
models, through the rear of the power supply that is 
located next to the Infibus connector. Older models 
returned for repair are also altered to reflect 
equipment changes and improvements. In this case, the 
adjustment pots on older power supply modules are moved 
to the front to facilitate easy access. 


CAUTION : When adjusting the pots on the older models 
(from the rear), use an insulated long screwdriver(the 
blade should be wrapped with electrical tape). 


NOTE: When voltage adjustment is required, measure the 
voltage at the right side of the Infibus (not at the 


test points) and adjust voltages to specifications at 
this point. 


NOTE : All power supplies have a polarizing pin at the 


rear that prevents installation of the wrong power 
supply. 
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17 APPENDIX A - Master Pluribus Glossary 


This glossary pertains to the BBNCC PLURIBUS and 
is unlimited in scope, and written to contain every 
possible word, phrase, or designation that has ever 
been used, is now used or is expected to be used in the 
future to describe the PLURIBUS. 


It°s main purpose is to reduce the "mystique" and 
confusion surrounding the Pluribus "world" and_ to 
provide clear definitions of the abundant nicknames 
unique to the Pluribus. 


1822 - a BBN report; provides specifications for the 
interconnection of a Host and an IMP. 


60Hz. interrupt - "Jiffy Clock". A classical interrupt 
occurring at the power line frequency on level 4, 
device number l. 


abort - QUIT. 


access time ~ time from the initiation of tthe request 
(rise of STRB) to the presentation or acknowledgment of 
data (rise of DONE) 


active - said of a DMA device while it is transferring 
data: from the writing of the end pointer to the 
setting of the PID level. 


active I/O device — an I/O device which indicates its 
need for service directly, usually either by classical 
or pseudo interrupt; cf. passive I/0 device. 


ADCCP — Advanced Data Communication Control Procedures; 
a synchronous data communication protocol standard; 
promulgated by ANSI, American National Institute; 
functionally identical to HDLC, which 1is_- an 
international standard. 


address halt - a feature of the control panel which 
halts a processor when a selected address is accessed 
on the bus. 


address recognition - the process in which a module 


checks the Infibus address lines for an address which 
1s in the range of those which pertain to that module. 
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address space —- the set of locations accessible to 
(addressable by) a device; cf. memory space, I/0 
space, system address space, processor address space, 
etc. 


AMLTST - a diagnostic which provides the basic testing 
of the AML card; requires the use of an AMT card and, 
therefore, is suited for use by Test City only and is 
not to be used on assembled machines. 


amputate - to disconnect a bus (usually a processor 
bus) from the rest of the system by turning off the 
forward enable bit in all bus couplers coming from that 
bus. 


ALD - AutoLoaD; a BBNCC/LEC card which implements’ the 
autoload function. — 


AMA - MLC cable terminator; drives, receives and 
terminates signals from the AML card; converts these 
Signals to and from the levels required by the MLC. 

AMB —- see AMA 

AMC - see AMA 


AMD —- see AMA 


AML —- MLC Adapter Module; a BBNCC module which allows 
the MLC to be connected as a polled slave I/0 device in 
a Pluribus system, 


arbitration - the act of choosing the next prospective 
user of a resource. 


architecture - the overall hardware/software design of 
a computer. 


ARPA - Advanced Research Projects Agency; part of the 
U.S. Department of Defense. 


ARPA Network - a national network of heterogeneous 
computers linked to facilitate research; the first 
packet switching network and the original design 
environment for the Pluribus; built and maintained by 
BBN/BBNCC starting in 1969. 


async —- abbreviation for asynchronous. 
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asynchronous - Name of a class of communication methods 
Over a single data wire; used by Teletype terminals, 
and many others; information bits are sent one at a 
time, at a rate agreed to by the sending and receiving 
hardware; data are sent in 8—bit characters, with 
parity bit, and start and stop bits to frame the 
character; no further structure of the data sent on the 
wire is defined -- characters merely arrive 
individually from time to time; most common method of 
connection to DEC equipment and various minicomputers, 
but is available on most mainframes. 


attention - a classical interrupt on level 1, device 
number FF80, caused by pushing the "ATTN" button on the 
control panel. 


autoload - a BBNCC/LEC module which contains some read 
only memory programmed to do loading from any of a 
number of I/0 devices; when commanded by a bus. signal, 
the autoload will initiate a classical interrupt, 


having first set the vector address to point to the 
ROM. 


auto restart - see power recovery. 


auxiliary I/0 space - the portion of I/0 space from 
FCOO00O through FDFFF. 


auxiliary processor —- a processor which is not number 0 
and thus does not handle interrupts; buddy. 


availability - ratio of actual uptime to total 
scheduled uptime. 


AXD parity - a scheme wherein the parity bit(s) are 
derived from both the address and data; specifically, 
the parity bit of each byte is the exclusive-OR of the 
odd parity of the data and the odd parity of the byte 
address of that byte. 


backbone - in a packet or circuit-switched network, the 
equipment which provides the basic long-distance 
transmission service; see also long-haul. 


backplane - method used to interconnect component 


circuit boards, and distribute power and ground from 
the power supply. 
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backwards bus coupling - the process by which a master 
on a common (I/0 or M/I) bus can access a slave on 
another bus (processor bus); used by processors to 
access other processors” address space. 


bandwidth - the rate (bits/sec., kilobits/sec., 
megabits/sec.) at which information may be transferred 
or processed. 


battery pack — BPK 
bay - rack 


BBC — Backwards Bus Coupling; data transfer across’ the 
bus coupler from a bus master that is on the slave side 
of the coupler. 


BBC enable bit - bit 2 of the bus coupler control 
register; controls whether that coupler is selected for 
BBC. 


BBC map — a register in the BCM which specifies’ the 
high-order address bits of a BBC reference. 


BBC window - the four word region of system address 
space through which BBC references are performed, 


BBN ~ Bolt Beranek and Newman Inc.; the developer of 
Pluribus. 


BBNCC -— BBN Communications Corporation; the subsidiary 
of BBN responsible for the manufacture, improvements 
and Field Service of Pluribus. Also the owner of LEC 
Sue Processor and its various equipment and BBNCC Hong 
Kong, its manufacturing facility. 


BCI — Bus Coupler I/O end; the card which forms the 1/0 
end of the I/0-to-memory bus coupler. 


BCM — Bus Coupler Memory end; the card which forms’ the 
I/O end of a processor-to-I/0 

coupler and the memory end of processor-to-memory and 
I/O-to~memory bus couplers. 


BCP - Bus Coupler Processor end; the card which forms 


the processor end of processor-to-memory and 
processor-to-I/0 bus couplers. 
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BCU - Bus Control Unit; a BBNCC/LEC card which performs 
bus supervisory functions; it is chiefly responsible 
for arbitrating the use of the bus, but also arbitrates 
bus interrupts and other specialized functions. 


BDR - Bus Driver/Receiver: a custom IC used in both 
BBNCC/LEC and BBNCC boards to interface with the 
Infibus; each IC contains four bus driver/receivers. 


begin pointer — in a DMA device, the address of the 
first word of the buffer. 


BEX -— Bus EXtender; consists of BXD, BXR, and cables. 


bezel - the decorative front of a bus unit which also 
contains an air filter. 


binary synchronous - name of a class of synchronous 
communications protocols; messages of one or more 
characters are sent within data units called frames", 
together with error-checking and various protocol 
information; there are many different protocols that 
are known as binary synchronous; division of the data 
stream into characters requires synchronization of the 
receiver to the sender before the start of data frames, 
so that the receiver can properly extract characters 
for the incoming bit stream. 


bisynce — abbreviation of binary synchronous. 


bit stuffing - name of a class of synchronous 
communication protocols; mutually exclusive with binary 
‘synchronous; HDLC (also ADCCP) is a sample of a bit- 
stuffing protocol; data stream is organized by framing 
characters known as "flags"; extra bits are "stuffed" 
into the data stream by the sender and removed by the 
receiver to avoid mistaken recognition of a flag within 
data; data need not be an integral number of 
characters. 


black box - see silver box. 


block transfer - the act of copying the contents of a 
series of contiguous memory locations to another place. 


board —- see card, 


BPK - Battery PacK; a BBNCC module used to _ supply 
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refresh voltage to volatile SME memories during a power 
failure; mounts on front of power supply; charging 
power comes from the bus power supply; up to 6 
connectors supply refresh voltage to each SME through 
the SME daughter board; connectors are wired in series 
and MUST be installed lowest number first. 


BSO — a BBNCC hardware device used to implement Citinet 
(DDN) MSPM (modified X25); a single card providing 4 
synchronous communication lines which implement’ the 
Citinet Host-IMP protocal, using a programable micro 
processor (National 6502). 


BSOTST - see MSPMIST. 


bug - a term used to signify a software or hardware 
problem; first coined by a U.S. Navy Lt. (female) 
during the 1940°s when she was attempting to get a new 
system up and running - troubleshooting the problem, 
she located a real bug causing a short circuit. 


buddy - the other processor(s) on the same bus; not the 
master; not processor 0. 


buffer - a series of contiguous memory locations which 
holds a block of data. 


bus - a common communication path between various 
devices (I/0 controllers and processors) and memories; 
all devices and memories attached to the bus must obey 
a bus protocol, which controls how they access or 
respond to the bus; an abbreviation for Infibus. 


bus arbiter —- a BCU. 
bus controller - a BCU. 


bus coupler - a module which allows transactions on one 
bus to be transformed into transactions on another bus, 
depending upon address; composed of a BCM, either a BCP 
or BCI, and connecting cables; performs other special 
features such as parity generation and checking, 
mapping, power isolation, amputation, and backwards bus 
coupling. 


bus extender -— a BBNCC/LEC module which allows one 


logical bus to span _ two bus units; the extended bus 
looks just like one long bus; it consists of two cards, 
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BXD and BXR, and two connecting cables. 


buskill - a software switch in the operational program 
which, when used, prevents the IMP from using a 
selected bus. 


bus timer - a 1 second timer that is held off by bus 
accesses; upon timing out, resets the bus; guards 
against hung states. 


bus unit - the basic mechanical module of the Pluribus; 
contains various combinations of Infibusses and power 
supplies, and has integral cooling. 


BXD - Bus Extender Driver; a card which forms’ the 
Driver part of the bus extender; plugs into the same 
bus as the BCU, or main bus. 


BXR - Bus Extender Receiver; a card which forms’ the 
Receiver part of the bus extender; plugs into the bus 
which does not have a BCU, or the extended part of the 
bus. 


byte - 1/2 word; two bytes to a word. 
cable - an assembly which electrically connects two or 
more modules and/or external equipment; each type has a 


four letter designation. 


card -— a logic board which plugs into the Infibus; each 
type has a three letter designation. 


CASP - a Pluribus cassette reader module. 
CBT (OBSOLETE TERM) - a no longer used BBN card. 


CCITT checksum - a 16 bit checksum computed with 
polynomial 


16 12 5 
xX + X +X +] 


CCP - Communications and Control Processor, a Pluribus 
application which involves the collection, limited 


processing and routing of seismic data. 


central processor - the number 0 processor electrically 
connected to the BCU which handles all classical 
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interrupts. 


checksum ~ a number of bits associated with a block of 
data computed via a fixed function from the data; the 


implicit redundancy can then be used to detect changes 
in the data. 


checksum—block transfer (OBSOLETE TERM) 


circuit-switched network - a communications network 
where each communication path is explicitly set up and 
torn down as needed; the "circuit" is a fixed 
alllocation of the network’s resources for the duration 
of the path’s existence; the telephone network is 
primarily a circuit-switched network. 


classical parity - the parity scheme wherein the source 
generates on writes and the source checks on reads. 


CLM - Controller, Line Module; part of MLC; contains 
logic to interface between LIM and AML 


clock - usually refers to RIC/RIT Real Time 
clock. 


CMB - the BBNCC/LEC printed circuit board which forms 
the actual Infibus; holds the edge connectors for the 
cards. 


CMD - the newest mechanical moaule of the Pluribus; 
contains various combinations of Infibusses and power 
supplies, and uses a squirrel cage blower assemply for 
cooling; provides P/S voltage test jacks and local 
power on/off switch. 


common bus - a bus which is not a processor bus: a 
memory, I/0, or M/I bus. 


common memory - that memory which can be accessed by 


all processors, that is, all memory on memory or M/I 
busses. 


configuration - the process by which a group of 
Pluribus modules are selected and an arrangement 
designed to create a machine for a particular 
application; a document associated with each BBNCC 
system describing the location and configuration of the 
system; also, the operational program has a software 
dynamic configuration process, 


222 APPENDIX A - Master Pluribus Glossary 


REV B Pluribus Board Configuration Manual 


consensus - the agreement between processors that to 
take a particular action would be in their common 
interest; also refers to the process by which agreement 
is reached. 


console — usually refers to the control panel; also can 
refer to the console terminal. 


console terminal - an asynchronous I/O device connected 
through the PSB to allow communications with the 
Pluribus using DDT. 


contention - the situation where multiple users are 
attempting to simultaneously use a resource; this 
usually causes delay. 


continuous read/write - a feature of the control panel 
which, when set, repeatedly performs the access 
requested by depressing the "read" or "write" buttons; 
a switch located at the bottom center of the control 
panel. 


control panel - a BBNCC/LEC module which allows manual 
reading and writing of addresses (typically memory 
locations), processor registers, starting or 
processors, and other special functions; consists of 
two cards, PCB and PBI, connected by a DIP connector 
cable, and a front panel, SWB, which connects to the 
other cards via three ribbon cables. 


control register - a location associated with a module 
whose bits correspond to program settable functions; in 
a processor, register 15; in an LEC serial or parallel 
interface, the address of the device + 6; in a bus 
coupler, set by the jumpers on the BCM. 


controller - any I/0 device interface. 


cooling module - the external shell of a bus unit which 
provides mechanical support for the Infibus chassis, 
blower/fan pack, bezel with filter, and airflow 
isolation and deflection. 


CPA - a BBNCC/LEC card which forms part of the 
processor. 


CPB - an early BBNCC/LEC card which is used to form 
part of the processor; superseded by the CPC, but still 
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used, 


CPC - a BBNCC/LEC card which forms part of the 
processor. 


CPZ - a BBNCC daughter board being installed on CPC 
cards to replace a chip no longer manufactured. 


CPU - Central Processor Unit; more generally, but 
incorrectly, a processor. 


crash — when the operational program is unable to start 
a processor, the program reports a crash; the crash 
number is a bit mask of which processors can’t be 
started. 


CRC-16 checksum - a 16 bit checksum computed with 
polynomial 


16 15 2 
x + X +X +] 


crosspatch - a debugging tool; describes the hardware 
and/or software procedure of connecting the Receiver 
and Transmitter of a Modem or Host interface together 
so that it talks to itself. 


cycle time — the time from the beginning of a request 
until the device has completed all activity related to 
that request and is ready to start or accept another; 
usually longer than access time. 


cyclic checksum - a checksum computed by dividing the 
data by a _e specific polynomial and taking the 
remainder; see CCITT checksum, CRC-16 checksum. 


D-cable - a cable which connects a card plugged into an 
Infibus with the fantail. 


DBAL - Dual Bus Access Logic, a custom IC that contains 
much of the logic necessary to be a_ bus master; 
provides a means for a device to access the Infibus. 


DDT - Dynamic Debugging Technique; a program which 
allows the user to inspect and change memory locations 
and processor registers, start and stop processors, 
copy memory, field traps and other useful things; in 
many ways, can be thought of as a simple executive, 
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providing an environment for user programs; is part of 
all operational programs; must be loaded with some of 
the older diagnostics. 


deadlock - a state in which two (or more) processes 
(hardware or software) are each waiting for a resource 
held by the other; each now waits indefinately for the 
other’s resource to become available. 


debugging - the procedure(s) used to identify and 
locate a hardware or software problem. 


debugging tool - any tool, document or program used in 
the process of debugging a hardware problem. 


device — usually a module that performs I/O functions; 
sometimes refers just to DMA devices. 


device dependent - a register oor bit whose 
interpretation or function is determined by the 
particular module with which it is associated. 


device independent - a register or bit with a common 


interpretation or function over a range of different 
module types. 


device register block - the eight word segment of 
address space which is associated with a DMA device. 


DEVTST - a diagnostic which finds and tests the DMA 
devices. 


device type - a number indicating the type of the 
associated module; usually program readable in the high 
order byte of the first register of the device. 


device number - a number indicating the number of the 
associated module; usually program readable in the low 
order byte of the first register of the device; 
associated with each device which causes classical 
interrupts; when servicing an interrupt, this number 
can be read from the first word of the interrupt 
vector, indicating which device caused the interrupt. 


discovery - the process whereby an operating system 
finds, through probing its environment, the 
configuration of the machine it is running on; also see 
staging. 3 
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Distant Host - a Host interconnected via a bit serial, 
handshook 1822 interface HST), usually up to distances 
of 2000 feet. 


DMA - Direct Memory Access; a BBNCC card which performs 
the bus interaction and pointer management for I/0 
devices; the technique of allowing high-speed 1/0 
devices access to system memory through a bus for 
highspeed transfers without processor intervention. 


DMACHK - a diagnostic which checks one DMA device, or 
two connected DMA devices; can be used with a scope to 
enter a loop where the various parameters do not 
change. 


DMA device - an I/0 device which uses a DMA; it 
transacts directly with memory. 


DMAFOO (OBSOLETE TERM) - an obsolete diagnostic. 
DMATST (OBSOLETE TERM) - an obsolete diagnostic. 


DONE - an Infibus signal that indicates successful 
completion of a bus access cycle; also serves as the 
strobe for data in a read access. 


doubled cable - a cable which connects the two parts of 
a doubled interface with the fantail. 


doubled interface - an interface which, for reliability 
considerations, consists of two modules on different 
busses, connected such that either one can serve the 
Same external equipment. 


elastic buffer - a buffer which allows input and output 
to proceed asynchronously, at different rates, 


ELI - Eia Line Interface; a BBNCC/LEC card which 
provides two independent RS-232 interfaces on a single 
card in an MLC; it is the same as the ELIA card except, 
it cannot provide some control bits that may be 
required in some configurations; it is NOT 
interchangeable with the ELIA card in any system. 


ELIA - Eia Line Interface; a BBNCC/LEC card which 
provides two independent RS-232 interfaces on a single 
card in an MLC; it is the same as the ELI except, more 
chips have been added to provide additional control 
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bits that may be required in some configurations; it is 
NOT interchangeable with the ELI card in any system. 


ELIU - Eia Line Interface; provides one RS-232 
interface in an MLC. 


end pointer - in a DMA device, the address of the last 
word of a buffer. 


executive core - usually refers to locations 0-5E; the 
area in which interrupt, QUIT, and ILLOP information is 
stored. 


EXHIT - HIT EXecute; provides an interface (DDT) 
between the HIT diagnostic and the operator. 


EXY - Eight X and Y; a BBNCC/LEC card which forms part 
of an 8K core memory; contains the core stack itself. 


F-cable - a cable which connects external equipment to 
the fantail. 


fan pack - a chassis containing six fans that provides 
the cooling for each bus unit on older Pluribus bus 
units. 


fantail - a panel which contains connectors for cables 
from external equipment which interface to internal 
cables; used to facilitate the reconnection of external 
equipment. 


feedback parity - the parity scheme wherein’ the 
destination generates and the source checks parity on 
all transfers. 


Field Service Report - FSR. 


flip-flop - a bi-stable multivibrator; a two-stage 
multivibrator circuit having two stable states; in one 
state, the first stage is conducting and the second is 
cut off; in the other state, the second stage is 
conducting the the first stage is cut off; a trigger 
Signal changes the circuit from one stable state to the 
other, and the next trigger signal changes it back to 
the first state. 


flop -— flip-flop. 
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flow control - mechanisms which meter the flow of data 
into the nodes of a communication network; modern 
protocols, such as X.25 and HDLC, include flow control 
provisions, 


force reload — a scheme by which memory locations may 
be loaded, processors started, etc., via special, 
heavily passworded messages on modem lines; used for 
remote start-up of machines; uses an RLD card. 


F-stick - a hardware procedure to map an address in I/0 
space via the implicit fixed mapping; done on PID for 
single-bus machines (PLI or VDA). 


FSR — Field Service Report; a document which, after 
filling in the blanks, identifies the site, it’s 
problem, the solution, and the total hours, parts and 
other costs association with that trouble call; this 
history is further used to plan future operations and 
compute the budget; among other things, it creates a 
history. 


full duplex - a communications path where transmission 
can take place in both directions simultaneously. 


gateway - an interconnection between two packet- 
switching networks. 


ground modem - a land line modem; not ae satellite 
modem. 


half duplex - a communications path wherein 
transmission can take place in either direction, but 
not both simultaneously. 


halt(ed) - a state of the processor wherein 
instructions are not being executed, interrupts cannot 
be honored, and the registers are externally 
accessible, 


HDLC - High-level Data Link Control; a bit-stuffing, 
synchronous data communication protocol; evolved from 
IBM’s SDLC, HDLC is now an international standard 
promulgated by ISO; identical to ADCCP; a superset of 
X.25 using LAPB). 


header - a socket resembling a chip socket except it 
has pins on the top and bottom; the top pins are 
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jumpered to provide configuration for the device and 
then installed in a chip socket on the card to provide 
connections to the circuit; also, describes the front 
portion of a data message or packet containing control 
information for sender and receiver. 


hex - abbreviation for hexadecimal, base 16 numbering 
system; used extensively, but not exclusively, with the 
Pluribus. 


high speed host - a BBNCC module which interfaces with 
certain high speed Hosts at NSA; provides up to 300KB 
throughput; uses a modified HST. 


high speed modem - a BBNCC module which interfaces to a 
Bell 306 modem at speeds up to 1.5M baud; consists of 
MUR, MHX, and DMA. 


HIT - the general Pluribus diagnostic; primarily tests 
common memory, 1/0 devices, and the bus couplers; 
sometimes mistakenly called EXHIT. 


HITMSPM - HIT + MSPM diagnostic. 


HLC.- Local Compatible Host; a BBNCC card that forms 
part of a Local Host, low speed interface. 


Host~IMP - The portion of the IMP program that handles 
input from Hosts. 


Host —- a computer which provides and uses the actual 
network services; connected into the network via an 
IMP; unlike a terminal, which typically communicates 
with -the network in asynchronous protocol, a Host will 
use a packet-oriented interface protocol. 


Host interface —- a BBNCC module which interfaces to a 
local or distant Host; comprised of a DMA and an HLC or 
HST. 


hot code — frequently executed code which is located in 
local memory. 


HST - Local or Distant Host interface card; low or high 
speed; a BBNCC card which forms part of a Host 


interface; replaces the HLC. 


IBM — four card interconnect module, 
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IBM checksum - CRC-16 checksum. 
ICM - three card interconnect module, 


ICMM - three card interconnect module used with a high 
speed modem; contains extended pins to connect D-cable 
and RLD cable. 


IDM - two card interconnect module. 


IDMH — two card interconnect module used with Host 
interface containing an HST; contains extended pins to 
connect D-cable. 


I-cable - a cable which connects two internal cards. 


idle —- a state of the processor wherein no instructions 
are being executed, registers are not externally 
accessible, but interrupts may be honored. 


ILIU - Current Loop Line Interface - a card which 
provides two independent 
loop interfaces on a single card in an MLC. 


illegal operation - trap caused by attempted execution 
of an instruction not in the repertoire of the 
processor. 


ILLOP - illegal operation. 


ILLOP vector - the four word block holding information 
pertinent to the current ILLOP; starts at 20 for 
processor 0, 30 for processor 1; contents are: illegal 
instruction, status, program counter, and address of 
service routine. 


IMP —- Interface Message Processor; the node computer of 
a Network, which performs the basic packet-switching 


functions. 


IMP—Host - the portion of the IMP program that handles 
output to Hosts. . 


Infibus - the bus which physically and electrically 
connects the cards of a Pluribus system. 


instruction set - the language understood by a 
processor; its instructions and the definition of how 


230 APPENDIX A - Master Pluribus Glossary 


REV B Pluribus Board Configuration Manual 


it interprets them. 


interface - a module which allows access and 
information flow to and from external equipment. 


internal clock - a clock located on MLR and MUR cards; 
provides clocking signals for certain diagnostics 
during crosspatch testing. 


internet - the technique, and the protocol, used in the 
ARPA community for communicating acrosss interconnected 
networks. 


interrupt - the diversion of the control stream of a 
processor in response to an external event; the device 
number of the interrupting device, status and program 
counter at the time of interruption are saved and the 
processor jumps indirect through a fixed location; also 
refers to the bus transaction which causes’ the 
interrupt. 


interrupt vector - the four word block holding 
information pertinent to a given interrupt level; for 
levels 1-4, starts at locations 0,8,10,18 respectively; 
contents are device number, status, program counter, 
and address of service routine. 


INVENTORY - a diagnostic which finds the configuration 
of a Pluribus system. 


I/O bus - a bus which contains primarly I/0 devices. 


I/O space — the part of system address space from FC000 
to FFBFF; the area which may be accessed via fixed 
mapping from processor address space; also refers to 
the corresponding section of processor address space 
COOO-FBFF). 


IOKILL - A software table that controls discovery of 
I/O devices; each bit present in IOKILL causes one 
device address not to be checked. 


ISI - Information Sciences Institute; University of 
Southern California, Marina Del Rey, Ca.; a PSAT site. 


ISO - International Organization for Standardization; 


promulgates various standards throughout’ the world; 
HDLC is an ISO standard. 
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isochronous line - a serial communications scheme 
wherein bit timing is derived from a separate clock 
line, but characters may be sent at arbitrary intervals 
and are bounded by start and stop bits. 


jiffy clock - a 60Hz. interrupt or 1/60th of a second. 


JIG -— a diagnostic which provides the basic bus coupler 
Stand-alone test program. 


K aes 1024(decimal). 


Katsuki - a term incorrectly found in some SRNs next to 
SME on the processor busses; also refers’ to Dave 
Katsuki, the namesake and formidable member of BBNCC“s 
engineering department and a major contributor to the 
Pluribus design; the term in the SRNs translates to: 


SME O-8K SA=0K Key=0 KA=0 Split=Y Mem.Blind=N 
8-16K SA=0K Key=1 KA=0 Split=Y Mem.Blind=N 


kbps — KiloBits Per Second; a measure of throughput. 


key bits - address bits 16 and 17, asserted on 
processor references according to the contents of a two 
bit register set by the SKEY instruction; used to 
differentiate among the various processors on a bus. 


LEC - Lockheed Electronics Company; their SUE processor 
plant in Hong Kong is now owned by BBNCC. 


level 1 interrupt - pressing the "ATTN" on the control 
panel or a remote (I/0, Memory or M/I bus) power 
failure; it has the lowest priority of the level 1l 
through level 4 interrupts. 


level 2 interrupt - low data rate I/0 devices such as 
card paper tape readers and punches use it; the paper 
tape reader and the new cassetts we use are both polled 
devices and therefore do not generate interrupts; has 
priority over level 1 interrupts. 


level 3 interrupt - high data rate I/0 devices such as 
disks, drums and magnetic tapes use it in a block 
transfer mode which allows DMA capabilities; none of 
the systems we maintain use this interrupt; has 
priority over level 1 and level 2 interrupts. 
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level 4 interrupt - local power fails, power restarts 
or jiffy clock interrupts use this interrupt; it has 
the highest priority of level 1 through level 4 
interrupts. 


level 5 interrupt - an  ILLOP; illegal operation 
interrupt. 


level 6 interrupt - a QUIT interrupt. 


LL ~- Lincoln Labs; Hanscom Air Force Base, Lincoln, 
Ma.; a PSAT site. 


local Host - a Host interconnected via a bit serial, 
handshook interface, usually over distances of less 
than 50 feet; longer runs are possible if a common 
ground can be insured. 


local memory ~- memory on a processor bus, as opposed to 
common memory. 


local network - a  geographically-localized packet 
network, typically allowing communications of up to a 
few kilometers maximum. 


lock - a data structure (usually a single word) used to 
‘interlock processes; also refers to the act of reading 
a lock with a read-clear cycle. 


Lockheed Electronics Company - formerly the 
manufacturer of the SUE computer systems and several 
Pluribus parts. 


long-haul network - non-local network, 1.€. one 
covering distances greater than a few kilometers; 
packet-switching 1s an appropriate technology for 
long-haul networks; may consist of dedicated, point- 
to-point communications lines. 


loop - see crosspatch. 
looping plug - a debugging tool; comes in _ several 
flavors; used to provide an external loop on a Host or 


Modem interface. 


low speed Host - refers to the HST card. Says that the 
Capacitors are installed on the board. 
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low speed modem interface - a BBNCC module which 
interfaces to a Bell 303 modem at speeds up to 50 KB; 
consists of an MLX or MHX, MLR or MUR, and a DMA. 


LSI - Large-Scale Integration; the technique of placing 
hundreds of electronic circuits on the same integrated 
circuit chip; as opposed to SSI (Small-Scale), MSI 
(Medium-Scale), or VLSI (Very Large-Scale), the differ- 
ences are mainly in the number of circuits per chip. 


Magic Modem — RLD. 


mainframe —- a large, general-purpose computer, which 
typically supports many programs running simultaneously 
under multiprogramming or timesharing control. 


map value - the 7 bit number that determines which 4K 
regions of processor space is referred to by accesses 
in the associated map segment. 


map segment - one of the four 4K regions of processor 


address space through which accesses are made to common 
memory. 


mapping - the act of transforming an address in one 
address space to that in another. 


master - the participant in a bus transaction which 
initiates the access; e.g. the processor, when it is 


accessing memory. 


master processor - the lowest numbered processor in the 
system. 


MB - multi-bus. 


MBPM — second member of the MXXM family; never got 
beyond the prototype stage. 


mbps ~ MegaBits Per Second; a measure of throughput. 


MEMCHK - a diagnostic which finds all processors and 
memory pages and checks each page by all processors. 


MEMCLR —- a program which finds all memory and _ erases 


it; works on multi-bus machines only; used as a header 
on diagnostic and operational program tapes. 
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memory - generally used to describe a storage device; 
specifically, a BBNCC/LEC module, either 4K or 8K, by 
16 bits (or 18 bits with parity) of random access core 
memory, consisting of three cards: TAG, SID, and EXY, 
the 4K is rarely used any more; a BBNCC card, 16K, by 
16 bits (or 18 bits with parity) of random access 
semiconductor memory, the SME, with a battery pack 
option good for two hours backup during a power 
failure; a BBNCC card, 32K, in the R & D stage as of 
Feb. 82, to replace two SME’s, called the SMR, will 
contain the battery pack on the card. 


memory bus - a bus which contains primarily common 
Memory. 


memory space -— the part of system address space from 0 
to FBFFF. 


message - the unit of data communicated between Hosts; 
messages are broken up by IMPs into one or more packets 
for transmission in the subnetwork. 


message processor — 


M/I bus - a common bus which contains both Memory and 
1/0. 


MHR (OBSOLETE TERM) - a BBN card formerly used with an 
MHX to make a high speed Modem; no know MHR cards are 
now in field use; replaced by the MUR card. 


MHX - a BBNCC card which forms the Transmit half of a 
High-speed ground Modem interface. 


microprocessor - a computer processor implemented 
entirely on a single LSI or VLSI circuit chip. 


MLC - MultiLine Controller; 


MLCTST - a diagnostic which provides some testing of 
all the MLC hardware. 


MLR - a BBNCC card which forms the Receive half of a 
Low-speed ground Modem interface. 


MLX - a BBNCC card which forms the Transmit half of a 
Low-speed ground Modem interface. 
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Modem - a piece of external equipment which converts 
digital signals from the computer to analog signals for 
communication and vice versa; also refers to Modem 
interface. 


Modem interface - the module which interfaces to a 
synchronous Modem, either ground or satellite, low or 
high speed. 


module —- a unit consisting of one or more cards which 
performs a unified function. 


MSPM - the first member in the MXXM family; see BSO. 


MSPMTST - a diagnostic which tests the MSPM (BSO card); 
used with DDT-41; contains the means to talk to the 
card°s micro DDT. 


MSR - the BBN card which forms the Receive part of the 
Satellite Modem interface. 


MST - the BBN card which forms the Timing functions of 
the Satellite Modem interface. 


MSX - the BBN card which forms the Transmit part of the 
Satellite Modem interface. 


multi-bus - a Pluribus system containing two or more 
busses and having memory and I/O on bus(ses) separate 
from the processor bus(ses); has two or more 
processors; MB in a diagnostic title says the 
diagnostic is for testing a multi-bus Pluribus. 


multiprocessor — a system which contains 2 or more 
processors with some common resources. 


Multiwire - a technology for making cards, midway 
between printed circuit and wire wrap in the dimensions 
of cost and difficulty; consists of a printed circuit 
card which carries power and ground, covered by a 
sticky insulating layer, in which insulated wires are 
laid to form the signal paths. 


MUR - a BBNCC card which forms the Receive half of a 
ground Modem interface; replaces MHR and MLR cards; 


provides higher speeds than older versions. 


MXXM - a family of microprocessor based I/0 devices; a 
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master/slave device: as a slave, it appears as 4 
status/control words in I/O space; in master mode, it 
is capable of reading and writing all of common memory 
space; the microprocessor is capable of addressing 65K 
bytes of memory through windows; appears as an 
intelligent I/0 device with DMA capabilities where DMA 
control information is specified by a software 
interface. 


NCC —- Network Control Center; see NOC 


network - any system of intercommunicating computers 
and terminals. 


Network Control Center - NCC 
Network Operations Center — NOC 


OPHELP - a function of the IMP DDT that provides easy 
access to commonly used data in the IMP. 


OUIGUIDE - a guide containg OPHELPS, DDT commands, Trap 
listings, Staging descriptions and other useful data to 
aid in debugging a system using operational software; 
each version of software requires its own version of 
the outguide. 


override - a state of IMP DDI in which potentially 
dangerous actions may be taken (when on) ; an attempt 
to prevent fat fingering by the untrained (when off). 


P<cable - a cable which carries primarily power. 


packet - a coherent unit of data, which is handled as a 
unit during its life time in a network; the unit of 
data communicated between IMPs on Modem lines; several 
packets may form a message; usually on the order of one 
or two thousand bits. 


packet-switching - a communications scheme in which 
packets of data from many sources are forwarded to many 
destinations along the same line, multiplexing the use 
of the line at a high rate. 


packet-switching network - a network wherein decisions 
to allocate network resources are made for each packet 
of information, rather than for the lifetime of a 
conversation (as in a circuit-switched network); packet 
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Switching networks claim better overall resource 
utilization and fault- tolerance than circuit-switching 
networks, at the cost of occasional extra delays. 


page - a 4K region of common memory, or more generally, 
system address space. 


PAR - I/O PARity; a BBNCC card which generates parity 
for references to I/O devices. 


parallel interface - a BBNCC/LEC module that can 
interface up to 20 parallel bits of information; can be 
polled or use classical interrupts; used primarily as 
the paper tape reader interface; card type PPB. 


parity —- the exclusive-or of the data and address bits; 
also refers to schemes which detect changes by 
generating and later checking the parity of a 
collection of bits. 


parity memory - memory which is 18 bits wide, allowing 
a parity bit to be stored for each byte. 


passive I/0 device - a device which must be polled, 
does not interrupt; cf. active I/0 device. 


password — a specific combination of data bits which 
must be written in order for an action to take place; 
used for reliability considerations. 


PBI - Panel Bus Interface - a BBNCC/LEC card which 
forms part of a control panel. 


PBM —- Processor Bus Memory; a possible future BBNCC 
module to provide improved memory and 1/0 capabilities 
on the processor busses. 


PCB —- Panel Control Board; a BBNCC/LEC card which forms 
part of a control panel. 


PCD - PreCeDence passer; a BBNCC card which serves only 


to pass the precedence pulse by an empty slot; used for 
debugging. 


PDU —- Power Distribution Unit; usually refers to a 
BBNCC module which accepts site power and distributes 
it, with appropriate switches, circuit breakers and 
indicators; also refers to a BBNCC/LEC module which 


238 APPENDIX A - Master Pluribus Glossary 


REV B Pluribus Board Configuration Manual 


provides two key switches, one for power, the other for 
processor selection. 7 


peripheral - an I/O device or its controller. 


PID - Pseudo Interrupt Device; a BBNCC card which 
serves as a hardware pending task queue. 


PID level - the number that a device or a _ processor 


writes to the PID to signify that the associated task 
should be run. 


PIDIST - a diagnostic which provides basic testing of 
the PID; works on single or multi-bus machines. 


Pluribus - a line of modular, reliable, 
multiprocessor/minicomputer systems produced by BBNCC. 


poll - the act of periodically checking a device to see 
if some event has occurred, as opposed to the device 
doing its own notification when a change in status 
occurs, 


poller — see SSP. 


port - an access interface to a part of a= system; 


terminal port 1s an access point for a terminal to a 
computer. ; 


power fail - a classical interrupt which occurs 2.5ms 
before bus Operations are ceased preparatory to 
complete power loss; occurs on level 4, device number 
2. 


power restart - a classical interrupt which occurs on 
restoration of local bus power on level 4, device 
number 4, 


power sense —- an Infibus signal that indicates the 
condition of bus power, gives advance notice of a power 
failure; also refers to circuitry in the bus_ coupler 
that checks the status of power at each end of the 
coupler, allowing one end to disregard signals coming 
from a card with inadequate power. 


power supply - a BBNCC/LEC module which supplies 


Infibus logic power and a 60Hz signal; comes in two 
styles: internal (plug-in, 5951 {PS3}) which takes 8 of 
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the 24 slots of an Infibus, and external (stand-alone, 
5952 {PS1 and PS2}) which requires its own bus unit. 


PPB — Peripheral Parallel Buffer; parallel interface; 
used to connect to paper tape reader; lower half can be 
used to connect to a paper tape punch. 


precedence pulse - an Infibus signal which is daisy- 
chained between cards; used to resolve priority for the 
selection of the next bus master. 


primary 1/0 space - the portion of I/O space from FEOO0O 
to FFBFF. 


printed circuit - a technology for fabricating cards 
which involves etching away copper-clad epoxy boards to 
form the signal paths. 


private memory - local processor memory. 


processor - a BBNCC/LEC module which’ executes 
instructions; consists of two cards, CPA and either CPB 
or CPC; three microcode versions exist: standard, 
business, and scientific; also see SSP. 


processor address space - the address space seen by an 
individual processor; includes available windows; 32K 
words long. 


processor bus - a bus which contains processors and 
local memory. 


processor bus address space - the aggregate of the four 
potential (only 2 used to date) processor address 
Spaces on a processor bus; includes available windows; 


128K words long; (64K words long for a two processor 
bus). 


processor memory — local private processor memory; 8K 
maximum per processor. 


PROKILL - a software table that controls discovery of 
processors in operational software; each bit prevents 
use of a processor. 


PS1 - Power Supply; part of 5952 external (stand alone) 
power supply; supplies +15V. 
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PS2 - Power Supply; part of 5952 external (stand alone) 
power supply; supplies +5v & -L5V. 


PS3 - Power Supply; 5951 internal (plug-in); supplies 
+5v, +l5v, and -l5v. 


PSAT - a Pluribus Satellite system; a pluribus 
containing an SMI and is part of the Wideband Satellite 
Network. 


PSB - Peripheral Serial Buffer; serial interface to 
connect the Pluribus system to a console terminal or 
Pluribus cassette reader. 


pseudo interrupt - the act of writing a number to the 
PID to indicate that a task associated with that number 
should be performed. 


PSTOP - a program which halts all processors in a 
multi-bus Pluribus; combined with MEMCLR and used as a 
header for diagnostics and operational programs. 


PTIP -generally, but incorrectly, used to identify a 
Pluribus system containing an MLC and/or SCANNER, 
called a Pluribus TIP; specifically, the one of a_ kind 
Pluribus system at 10 Molton St., Cambridge, Ma.; has 
it”°s own unique software, 6 bays, 7 MLCs, 6 processors, 
160K of common memory, and 26 plus or minus a few 
interfaces, some of which are doubled; nicknamed "JON’s 
anchor." 


PTR —- Paper Tape Reader. 


PWRIST - a diagnostic which tests the processor bus 
power fail and reset interrupts, including the auto- 
reset timer facility and a rudimentary check of the 60 
Hz (jiffy clock) interrupts. 


QUIT - an Infibus signal that indicates abnormal 
completion; e.g. non-existant device, malfunctioning 
device, parity error, etc.; also refers to the trap 
that is taken when a processor-initiated access results 
in a QUIT. 


QUIT timer - the timer on the bus arbiter (BCU) which 
regulates how long the bus will wait for a DONE before 
deciding that the intended slave will not respond and 
thus should issue a QUIT, terminating the access; these 


APPENDIX A — Master Pluribus Glossary 241 


Pluribus Board Configuration Manual REV B 


timers have different values on different bus types. 


QUIT vector - the four word block of memory which 
records information pertinent to the most recent 
processor-initiated QUIT; contents are: address 
referenced, status, program counter, and address of 
service routine; located at 28 for processor 0, at 38 
for processor l. 


rack - the unit which houses bus units; up to five bus 
units, a PDU, and a fantail may be mounted in one rack. 


read - an access in which data is transferred from 
slave to master. 


read-clear - a read-modify-write access in which the 
written data is zero. 


read-modify-write - an access in which data is read 
from memory and then potentially) different data is 
written back to the same address, all within one memory 
cycle. 


real time clock —- RTC/RTT. 


refresh -— the memory function of periodically rewriting 
each memory location so that data are not lost; certain 
semiconductor memory technologies, such as those used 
in the SME, require refreshing. 


reload card — RLD. 


remote buddy processor ~ processor 1 on a processor bus 
that does not contain the lowest numbered processor in 
the system; does not contain the console module. 


remote master processor - processor 0 on a= processor 
bus that does not contain the lowest numbered processor 
in the system; does not contain the console module. 


remote power fail - a classical interrupt which 
indicates that a common bus’s_ power is failing and 
about 2.5ms of usable power remains; occurs on level l, 
device number l. 


remote processor - a processor on a remote processor 
bus. 
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remote processor bus - a processor bus not the master 
processor bus; not containing the lowest numbered 
processor in the system; does not contain the console 
module. 


remote reset - the low-order bit of a bus coupler’s 
control register; when cleared, causes a reset to occur 
on the bus which the BCP is plugged into. 


reset timer - see bus timer. 


resource - a part of a system needed by more than one 
of the parallel users and therefore a possible source 
of’ contention. 


ribbon cable - a multiconductor cable made of several 
parallel wires bonded together in a flat shape. 


ribbon - the part of an algorithm associated with a 
single PID level; may be one or more strips. 


RLD - ReLoaD; a BBNCC module which allows remore forced 
reloads. 


RLDTST - a diagnostic which tests the RLD’s ability to 
force a reload into a Pluribus. 


routing - a software subroutine which calculates which 
Modem or Host interface to communicate with; in 
networks, the function of choosing an appropriate path 
for packets, subject to available network resources. 


RICTST - a diagnostic which provides testing of the 
RTC/RTT; works on -single or multi-bus. 


run - a state of the processor in which intructions are 
being executed, interrupts may be honored, and 
registers are not externally accessible. 


round robin - a feature of the bus arbitration scheme 
which enforces fairness of access to the bus; when a 
device has been granted a bus access that terminates 
normally, it is not allowed to request another access 
until all those devices on that bus which are currently 
requesting access have been granted same. 


RTC - Real Time Clock; a BBN card which causes PID 
levels at intervals of 12.6ms and 1.6ms, has a program 
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readable 16 bit counter that increments each 100us, and 
three 16 bit readable switch registers; one of the 
readable switch registers is used to set the IMP 
number. 


SACK timer - a timer on the bus arbiter (BCU) which 
guards against the case wherein a potential bus master 
requests an access, subsequently stops the precedence 
pulse, indicating that it will be the next master, but 
fails to assert SACK, acknowledging this fact. 


Satellite modem interface - a BBN module which 
interfaces to a satellite ground station transmitter; 
has features to enable use of the satellite channel in 
broadcast mode, such as provision for switching the 
carrier and accurate timing of transmission and receipt 
of packets; consists of four cards: MSR, MST, MSX, and 
DMA. 


scientific processor - the processor module with 
extended instruction set, including multiply, divide, 
double precision, etc. 


select cycle - that part of an access which is 
concerned with selecting the next master. 


self interrupt - a trap. 


serial interface - a BBNCC/LEC module that interfaces 
asynchronous (start/stop) I/0 devices; strappable for 
various speeds, character sizes, EIA vs. current loop, 
Modem options, etc.; is half duplex and can either be 
polled or use classical interrupts; card type PSB. 


service cycle —- that part of an access wherein the 
master actually transacts with the slave. 


shared -—- common 


SID - Sense and Inhibit Drivers; a BBNCC/LEC card which 
forms part of a 4K or 8K core memory. 


silver box - a Bell 303 Modem simulator; provides 
cabled interface between two Modem interfaces less than 
100 feet apart; provides external looping capabilities 
in both directions. 


SIMP — Satellite Interface Message Processor; an IMP 
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which uses broadcast satellite channels as some of its 
communications links. 


simplex —- a communications path wherein communication 
can take place in only one direction. 


single step - the act of causing a processor to execute 
a single instruction and then halt. 


slave - the participant in a bus transaction which 
responds to the master’s request; e.g. the memory, when 
the processor 1S accesSing it. 


SLI (OBSOLETE) - Synchronous Line Interface - a _ BBN 
card which interfaces two synchronous lines; a passive 
device which must be polled. 


SME - Semiconductor MEmory; a BBNCC card, 16K by 16 
bits (18 bits with parity) of random access 
semiconductor memory. 


SMI - Satellite Modem Interface. 


SMR —- Semiconductor Memory; a BBNCC card, 32K by 16 
bits (18 bits with parity) of random access 
semiconductor memory; now in the R & D_ stages; will 
contain a battery pack on the card. 


SMS (OBSOLETE) - Synchronous Modem Simulator; a _ BBN 
card which interfaces two synchronous data sources, 
giving the appearance that the Pluribus is a Modem; a 
passive device which must be polled. 


snapshot - an operational program mechanism which 
allows the current contents of the registers plus other 
selected status information to be stored in local 
memory each time a processor reports a trap. 

SRI - SRI International, Palo Alto, CA.; a PSAT site. 
SRN - System Release Notice; a document associated with 
each Pluribus system describing the location and 


configuration of each component. 


SSP - Super Sue Processor; a BBN card residing on the 
I/O bus of PSATs; a polled processor. 


stage - the portion of the operational IMP system that 
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discovers and configures all of the resources of a 
Pluribus; attemps recovery when a resource disappears 
or breaks. 


start pointer - begin pointer 


status register -— a location associated with a module 
whose bits report various combinations of the module; 
in a processor, register 8; in a serial or parallel 
interface, the first register; in a DMA device, the 
fourth and seventh registers. 


step —- see single step. 


store and forward - a technique for routing packets 
through a packet-switched network, where each network 
node acknowledges receipt of the packet to the’ sender, 
and then forwards it to the next node, based on its 
local routing data base. 


STRB - an Infibus signal which indicates that a master 
1s transacting with a slave; used to strobe address 
and, on a write, data. 


strip - a set of instructions which are executed as a 
unit between references to the PID. 


SUE — System User Engineered; the name of the line of 
BBNCC/LEC parts which make up part of a Pluribus. 


SUPER-CONSOLE - a diagnostic which is the _ standard 
diagnostic/acceptance test for the console, consisting 
of PCB, PBI, SWB, and associated cabling. 


SUPER-GINS - a diagnostic which is the principle test 
for SUE processors; GINS stands for General INstruction 
set. 


Super Looper - a debugging tool; used to loop Modems 
and Local Hosts. 


SWB - SWitch Board; the front panel of the control 
panel. 


subnetwork - the collection of node computers (IMPs) 


and communication lines of a network which perform the 
actual routing and transmission of the data. 
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synchronous —- a technique for communicating a stream of 
data, where. individual bits of the data stream are 
referenced to the pulses on a separate clock connection 
(one each for transmit and receive directions); 
occuring at fixed time intervals. 


synchronous line - a communications line where the 
timing information is derived from the transitions 
between data bits; data is usually sent in blocks. 


synchronizer - a device which resolves two asynchronous 
time references. 


system address space - the address space of common 
busses; seen directly by I/O devices and indirectly by 
processors after mapping; 512K words long. 


system release notice - SRN. 


TAC —- Terminal Access Controller - a C/30 or H316 which 
is a host on the ARPA Network and provides access for 
up to 64 terminals. 


TAG - Timing And Gating; a BBNCC/LEC card which forms 
part of the 4K or 8K core memory. 


task - a programmer”’s term for a module that does 
packet forwarding inside the IMP. 


Test City - The BBNCC Pluribus board repair facility 
located in Cambridge, Ma. 


three phase wye - the type of AC power that the 
Pluribus PDU requires; there are five wires: one is 
for protective (green) ground; one is common for the 
other three, each of which has a 117 volt AC potential 
with the common, but the phase of the legs are 
staggered by 120 degrees. 


throughput - the rate at which information can be 
processed, 


TI - usually refers to Texas Instruments Silent 700 
series terminals. 


timer - a device, hardware or software, which watches 


over the activity of a part of the system; the timer is 
periodically reset by the occurrence of an event which 
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Signifies correct operation and which should occur 
periodically; should a specified time interval elapse 
without a reset, the timer will "time out" initiating 
some remedial action. 


TIP - Terminal Interface message Processor; an IMP with 
built-in simple Host capabilities which allows users at 
terminals access to the network, obviating (making 
unnecessary) an external Host computer. 


TOD - Time of Day; a modification to a pair of PPB 
boards to interface a Systron-Donner clock. 


TODEM — Tony”s Modem; a BBN short-haul Moden. 


TRANBOX - provides cable communications between two 
Modem interfaces, separated by more than 100 feet. 


trap - either a QUIT or an ILLOP; in the IMP, an ILLOP 
causes its "number" (such as the low 13 bits of the 
instruction) to be reported to the NOC, along with 
register values at the time the ILLOP was executed; 
usually reports a harware or software failure; 
sometimes reports a suspiscious event which 
occasionally happens; NOC calls these reports "traps". 


TTYTST - a diagnostic which tests the PSB and its 
associated terminal; also a test program located on 
some systems which can be used to exercise TIPs. 

very distant Host adapter -— VDA 

very distant Host - VDH 

VDA — Very Distant Host Adapter; contains a VDH and the 
electronics to provide a communications link between a 
local Host and an IMP, usually over a land line. 

VDH - Very Distant Host; a Host connected to the IMP 
via a communication link, with associated error 
detection and retransmission protocols. 

VISTAR - refers to an Infoton VISTAR crt terminal. 
VISUAL 200 - refers to a DEC crt terminal. 


VLSI - Very Large-Scale Integration; integrated circuit 
chips having several hundred to several thousand or 
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more circuits per chip. 
watchdog timer - cf. timer. 


Wideband Sattelite Network - The Pluribus Satellite 
Network. 


window - one of the four 4K regions of processor 


address space which can be mapped onto a page of system 
address space. 


wire-wrap - a technology for making boards wherein 
comnections are made by wrapping a wire around a pin 
located adjacent to the component. 

word —- the basic element of data; has 16 bits and 
sometimes 2 parity bits; words between pluribus busses 
are 20 bits; there are two bytes in a word. 

woven cable - a multiconductor cable constructed by 


weaving together several twisted pairs with a nylon 
thread. 


write — a bus transaction where the data flow is from 
master to slave. 


X.25 - shorthand for the interface described in 
Recommendation X.25 of the CCITT. 


xpatch —- see crosspatch. 


ZCP - Pluribus Card ejector tool; "Zee Card Puller." 


APPENDIX A — Master Pluribus Glossary 249 


Pluribus Board Configuration Manual 


REV B 


PLURIBUS GLOSSARY PARTS LIST- REVISED APRIL, 1983 


tee GN GREED Gee Gree GON GE CE eR Ee Ghee Gees Grew Gee Ghee Ce Goes GES Gene Beet Ce QuET HUN Ree Ge Gee Ges Meee Sees Game tae Hes Ges SEN ORes GET Ge et eee Gree Geet Ged tT ee He Gee ee Oe ee 


250 


2102294601 
1802402601 
2202391G01 
1802605601 
1802403601 
2202392601 
1802606601 
2100168G01 
2101861G01 
2100528601 
2102293601 
2401320601 
ND02613G01 
2201223G01 
2201223602 
2300461603 
2302400601 
2102033G01 
1802397601 
1802398601 
2102295601 


2102296G01 


CIRC CD PC 


CARD ENCL 


CARD ENCL 


CARD ENCL 


CARD ENCL 


CARD ENCL 


CARD ENCL 


CIRC CD PC 


CIRC CD PC 


CIRC CD MW 


CIRC CD PC 


CABLE 


CIRC CD 


CHASSIS 


CARD ENCL 


CARD ENCL 


PWR SUP 


CIRC CD PC 


CHASSIS 


CHASSIS 


CIRC CD PC 


CIRC CD PC 


Autoload card with BBN mod 
16 LOC 
WITH BACKPLANE 
16 LOC MOD 
24 LOC 
WITH BACKPLANE 
16 LOC MOD 
BUS COUPLER - I/0 BUS 
Bus coupler — memory bus, 
PCB 
Bus coupler - processor 
bus, multiwire 
Bus controller with BBN 
mods 
CABLE BUS EXTENDER 
Bus Interface Unit, not 
designed 
16 LOC WITH CMB 
24 LOC 
24 LOC LES/PS 
Battery Pack Module for SME 
4 channel bisync interface 
16 LOC PS/BXD/BXR 
24 LOC PS/BXD/BXR 
Bus extender driver with 
BBN mods 


Bus extender receiver with 
BBN mods | 
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CASP 


CMD16 


CMD24 


CMDPS 


CPAWM 


CPCWM 


DBNCA 


DBRSA 


DDR 


DHSDA 


DHSSA 


DKGBA 


DKGCA 


DMA 


DMBDA 


DMBSA 


DMEDA 


DMHDB 


DMHSA 


DMMDA 


DMMSA 


DMRDA 


DMRSA 


DPSBA 


2302405603 
2302407602 
2302407603 
2302407601 
2102292G01 
2102291G01 
2402411601 
240241 2G01 
2102413601 
2402417601 
2402418601 
2402421601 
2402422601 
2100136601 
2402429602 


2402429601 


' 2402430601 


2402431601 
2402431602 
2402424601 
2402425601 
2402435601 
ND02612G01 


2402436G01 


ASSY 
ASSY 
ASSY 
ASSY 
CIRC CD PC 
CIRC CD PC 
CABLE 
CABLE 

CIRC CD PC 
CABLE 
CABLE 
CABLE 
CABLE 

CIRC cD 
CABLE 
CABLE 
CABLE 
CABLE 
CABLE 
CABLE 
CABLE 
CABLE 
CABLE 


CABLE 
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CASSETTE MODULE 


Cooling module - 16 slot 


cage 


Cooling module — 24 slot 


cage 


Cooling module - power 


supply cage 
Processor card with BBN mod 


Processor card with BBN mod 

FTL/DBL 

KGB/FLTR BX (10X,11X = 

KGB/IBS) 
DISTANT DRIVER & RECEIVER 
H316 

FTL/HST/HST 

FTL/HST 

KGB/OPT I C BX (PLI) 

B FTL/B FTL/CONNF (PLI) 

Direct Memory Access card 

MUR/MUR/303 

MUR/303 

FTL/MER/MER 

FTL/MHR/MHR 

FTL/MHR 

MUR/MUR/FTL Double Mil spec 
modem cable 

Single Mil spec modem cable 

MUR/MUR/RS232 

MUR/RS232 


FTL/PSB, 10% 
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DPSBB 


DPSC 


DPTRA 


DPTRB 


DPTRC 


DRBSA 


DRSCA 


DRSFA 


DRSPA 


DRSSA 


DSLD 


DSPLY 


DTOD 


DTTYA 


DTTYC 


EXYWM 


FBNCA 


FBNCB 


FDDRA 


FHDAA 


FHDAB 


FHDAC 


FHSAA 


FHSAB 
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2402437601 
2403650601 
240243 8602 
240243 8603 
240243 8601 
240243 9G01 
2402440G01 
2402441601 
2402442G01 
2402443601 
2402444601 
2501287-01 
2402973601 
2402446601 
2402446603 
2102299601 
2402453602 
2402453601 
2402456601 
2402742601 
2402742602 
2402742603 
2402457601 


2402457602 


N 


N 


N 


N 


N 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


TERMINAL 


CABLE 


CABLE 


CABLE 


CIRC CD PC 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


REV B 


FIL/PSB, 27 
PSB/CASP 

FTL/PPB, 5” 
FTL/PPB, 107 


FTL/PPB, 2° 


R PNL/CAP BX/R PNL (PLI), 2’ 


FTL/SLI/DBL, 7% 

FTL/SLI/DBL/PSB, 9” 

SLI/FTL (PLI) (10X,11X = 
KGR/TBS) ,5” 

SMS/FTL (10X,11X = KGR 

KGB/TBS(PLI) , 5° 

FTL/SLT/SLT, 10% 

INFOTON 200 

FTL/PPB/PPB 

FTL/PSB, 5” 

FTL/PSB, 3% 

Core memory card —- core 

stack 

FTL/TOD, 50% 

FTL/TOD, 30° 

FTL/DDR, 127 

FTL/HOST, 50° 

FTL/HOST, 100° 

FTL/ HOST, 200” 

FTL/HOST with no connector 

30° 


FTL/HOST with no connector 
40° 
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| FHSAC 
FHSAD 
FHSAE 
FHSAF 
FHSAG 
FHSAH 
FHSI 

FHSSA 
FHSSB 
FHSSB 
FHSSD 
FHSSE 
FHSSF 
FHSSG 
FHSSH 
FKGAA 
FMHA 

FMLAA 
FSLAA 
FTOD 

FTS2A 
HALT 

HA1U 


HA2T 


APPENDIX A — Master 


2402457603 
2402457G04 
2402457605 
2402457606 
2402457G07 
2402457608 
2402972601 
2402501601 
2402501602 
2402501603 
2402501604 
2402501605 
2402501606 
2402501607 
2402501608 
2402502601 
2402639601 
2402503601 
2402508601 
2402967601 
2405043601 
2201921601 
2201921602 


2201921603 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


HEADER 


HEADER 


HEADER 


Pluribus Board Configuration 


FTL/HOST with 
FTL/HOST with 
FTL/HOST with 
FTL/HOST with 
FTL/HOST with 
FTL/HOST with 
H PLI FIL/516 
FTL/HOST ext. 
FTL/HOST ext. 
FTL/HOST ext. 
FTL/HOST ext. 
FTL/HOST ext. 
FTL/HOST ext. 


FTL/HOST ext. 


Manual 


ho 


no 


no 


no 


ho 


no 


LH 


connector 
60° 
connector 
70° 
connector 
150° 
connector 
200° 
connector 
100° 
connector 
300° 


w/conn., 30° 


w/conn., 40° 


w/conn., 60° 


w/conn., 70° 


w/conn., 100° 


w/conn., 150° 


w/conn., 200° 


FTL/HOST ext. w/conn., 300” 


B FTL/KG34—TB-4, 307 


FTL/306 MODEM 


FTL/303 ext. Bell 303 Modem 


FTL/LS SAT 
FTL/TOD/TOD 


FTL/TTY 


cable, 30° 


MUR HEADER-Mil spec 
protocol-terminated 
MUR HEADER-Mil spec 
protocol-unterminated 


MUR HEADER 
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HA2U 
HA3T 
HA3U 
HA4T 
HA4U 
HBl 
HB2 
HB3 
HCl] 
HC2 
HC3 
HC4 
HST 
IBCAA 
IBCAB 
IBCAC 
IBCAD 
IBPKA 
IBPKB 
IBPKC 
IBPKD 
IBPKE 
IBPKF 


ICB 
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2201921604 
2201921605 
2201921606 
2201921613 
2201921614 
2201921607 
2201921608 
2201921609 
2201921610 
2201921G11 
2201921612 
2201921615 
210053 8601 
2402513601 
2402513602 
2402513603 
2402513604 
2402514601 
2402514602 
2402514603 
2402514604 
2402514605 
2402514606 


2102517601 


HEADER 


HEADER 


HEADER 


"HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


CIRC CD MW 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


MUR 


MUR 


MUR 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


HEADER 


REV B 


Host Interface card 


Bus coupler cable, 5” 


Bus coupler cable, 10° 


Bus coupler cable, 15” 


Bus coupler cable 


BPK/SME, 3 


BPK/SME, 4 


BPK/SME, 5 


BPK/SME, 6 


BPK/SME, 7 


BPK/SME, 8 


connector, 
connector, 
connector, 
connector, 
connector, 


connector, 


16° 


CIRC CD WW TOPHAT, 4 CARD INTERCONN. 
(SMI) 
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2102166G01 
2101858601 
2402518G01 
2102232601 
2100541601 
2402969601 
240296 9G02 
2402525601 
2402525602 
2402527G01 
2402970601 
2402971G01 
2101529603 
2101529604 
2100228601 
2101730G01 
2201545602 
2101529608 
2400836G01 
2102301601 
4603634601 
2102298601 
2302539601 


2302540G01 
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R CIRC CD 
R CIRC CD 
N CABLE 

R CIRC CD 
R CIRC CD 
N CABLE 

N CABLE 

N CABLE 

N CABLE 
N CABLE 

N CABLE 

N CABLE 

R CIRC CD 
R CIRC CD 
R CIRC CD 
R CIRC CD 
N PANEL 

R CIRC CD 
N CABLE 

R CIRC CD 
N PROM 

R CIRC CD 
R ASSY 


R ASSY 
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PC 


PC 


PC 


PC 


PC 


PC 


PC 


PC 


TOPHAT, 3 CARD 


TOPHAT, 3 CARD (RLD &D 


CABLE CONN) 


DDR/316 IMP 


TOPHAT, 2 CARD (PROCESSOR) 

TOPHAT, 2 CARD (HST) 

PPB/REMEX PTR 

PPB/REMEX PTR 

PPB/REMEX PTR (INTERNAL) 

PPB/REMEX PTR e 

RLD/MUR/MUR 

PSB/FTTYnoFTL 

PSB/EIAnoFTL 

PLI BLACK 

PLI RED 

HIGH SPEED MODEM INTERFACE 
( TRANSM) 

MODEM CARD 

CONTROL PANEL ASSY, 

LOCKHEED LOGO 

PARITY BOARD 

PBI/PCB (Old P4) 4" 

PARALLEL BUS INTERFACE 

Prog. IC, SCD-0085, used 


on CASP 
PARALLEL CONTROL BUFFER 


POWER DISTRIBUTION BOX 
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PDBS2 NDO2540GO02 R ASSY 220V 
PDU 2302541G01 R ASSY POWER DISTRIBUTION UNIT 
FOR PLI 

PID 2100131G01 R CIRC CD PC PSUEDO INTERRUPT DEVICE 
PPBWM 2102297G01 R CIRC CD PC PARALLEL I/O CONTROLLER 
PS1 2201251G03 R PWR SPLY BBFAN +15V 25A 
PS2 2201206603 R PWR SPLY BBN +5/-15V (P24BW) 
PS3 2300430G06 R PWR SPLY BBFAN +5/-15V (P16WM) 
PSBWM 2102300G01 R CIRC CD PC PARALLEL SERIAL BUFFER 
PTR 2500247-01 R ASSY PAPER TAPE READER 
PTRP 1802544G01 R ASSY READER/PUNCH RACK MTD 
RFP 2202548601 N PANEL FANTAIL RFP=Red Direct 

Path Board, PLI 
RLD 2101529G09 R CIRC CD WW MODEM RELOAD DEVICE 
RTC 2101529G10 R CIRC CD WW REAL TIME CLOCK 
RTT 2105513G01 R CIRC CD WW REAL TIME CLOCK W/TEMP.SENSE 
SBAT 2104399G01 R PWR SUP BATTERY PACK MOD FOR SMR 

(NOT RELEASED) 

SBRSA 2402549G01 N CABLE BCPJ6/FLT PNL 
SIDWM 2102302G01 R CIRC CD PC SENSE AND INHIBIT DR1iVERS 
SMEDB 2101596G01 R CIRC CD PC SME Daughter Board 
SMEWM 2102550G01 R CIRC CD PC 32K SER MEMORY SCD-0077 
SMR 2103979G01 R CIRC CD PC SERIAL MEMORY (not released) 
SWBP1 2201151G01 N CABLE TO CONTROL PANEL 
SWBP2 2201151G02 N CABLE TO CONTROL PANEL 
SWBP3 2201151603 N CABLE TO CONTROL PANEL 
SWBP4 2201151604 N CABLE TO CONTROL PANEL 
SWBWM 2102552G01 R CIRC CD PC CONTROL PANEL, BBNCC LOGO 
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BCMMW 


CBT 


CLMA 


CPB 


DHD - 


DHLDA 


DHLDB 


DHLDC 


DHLSA 


DILSA 


DLCFA 


DLCFB 
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2102304601 
2202583601 
2102157601 
2101448G01 
2102158601 
2302630601 
8002586601 
2100441601 
2100441602 
2100441603 
2100441604 
2101529601 
2100527601 
ND02659G01 
2302452601 
210216905 
2102414601 
2402415601 
2402415601 
2402415603 
2402416601 
2402420601 
2402423601 


2402423602 


Pluribus Board 


CIRC CD PC 


MODEM 


CIRC CD 


CIRC CD PC 


CIRC CD 


MODEM 


KIT 


CIRC CD PC 


CIRC CD PC 


CIRC CD PC 


CIRC CD PC 


CIRC CD PC 


CIRC CD MW 


CIRC CD WW 


ASSY 


CIRC CD 


CIRC CD PC 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


Configuration Manual 


TIMING AND GATING BOARD 
Hardware Todem 

Analog Digital Circuit 
POWER SUPPLY BOARD 

Timing Board 

MODEM ELIMINATOR MODEL 632 
CRD EJECTOR KIT 

MLC CABLE CARD/INTERFACE BD. 
MLC CABLE CARD/INTERFACE BD. 
MLC CABLE CARD/INTERFACE BD. 


MLC CABLE TERM/INTERFACE BD. 


Multiwire bus-coupler memory 


(CLM=Control Logic Module) 
MLC logic 

PROCESSOR 

OBSOLETE (REPLACED BY DDR) 

HLC /HLC /FTL 

HLC /HLC/FTL 

HLC /HLC/FTL 

HLC/FTL 

MLR/ILC (LCE) 


ELI/MODEM (MLC) 


ELI/MODEM (MLC) 
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DLCFC 


DLCMA 


DLCMB 


DLCMC 


DLTFA 


DLTFB 


DLTFC 


DLTFD 


DLTMA 


DLTMB 


NAME 


DLTMC 


DMLDA 


DMLSA 


ELI 


ELIA 


ELIU 


HLC 


[AMAA 


ITAMAB 


IAMCA 
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2402423603 
2402426601 
2402426602 
2402426603 
2402427601 
2402427603 
2402427604 
2402427602 
2402428601 


2402428602 


BBNCC P/N 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


CABLE 


MLC GLOSSARY 


2402428603 
2402432601 
2402433601 
2101546602 
2101546G01 
2100671G01 
2101529G02 
2402511602 
2402511G01 


2402512602 


CABLE 


CIRC CD PC 


CIRC CD PC 


CIRC CD PC 


CIRC CD 


CABLE 


CABLE 


CABLE 


REV B 


ELI/MODEM (MLC) 
ELI/MODEM (MLC) 
ELI/MODEM (MLC) 
ELI/MODEM (MLC) 
ELI/TERMINAL (MLC) 
ELI/TERMINAL (MLC) 
ELI/TERMINAL (MLC) 
ELI/TERMINAL (MLC) 
ELI/TERMINAL (MLC) 


ELI/TERMINAL (MLC) 


DESCRIPTION 


ELI/TERMINAL (MLC) 
MLR/MLR/FTL 

MLR/FTL 

MLC Interface Board 
MLC Interface Board 
MLC Interface Board 
host interface 

AML /CLM 

AML /CLM 


AML/CLM 
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SENAM 


SERME 
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2402512601 
2100631601 
2402526G01 
2100955G01 
2100854601 
2302531601 
2100936601 
2100137601 
2100138601 
2201545601 
2100899601 


2100704601 
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N CABLE 

R CIRC CD 
N CABLE 
R CIRC CD 
R CIRC CD 
R ASSY 

R CIRC CD 
R CIRC CD 
R CIRC CD 
R ASSY 

R CIRC CD 


R CIRC CD 


PC 


PC 


PC 


PC 


PC 


PC 


PC 


PC 


AML/CLM 
(ILI=Curent Loop LIU Assy) 
MLR-MHR/RLD 


LIU Bus Terminator Assy MLC 
Cable 
MLC LED assembly 


(Line Interface Module) MLC 
LOGIC UNIT 
Line Driver PC Assy, MLC 
CABLE 
memory card 


memory card 

CONTROL PANEL 

(SEN=Sensing Amp) MLC LOGIC 
BOARD 


(SER=Single Memory PC 
Layout) MLC 
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18 APPENDIX B - Host Pinouts 


1822 HOST CABLE FANTAIL PINOUTS 


! Signal Name ! Abbrev. ! Pin Number ! 
| er ee ene Joe | —-- ee ! 
{Ready For Next Imp Bit ! RFNIB+ ! l ! 
!There’s Your Imp Bit !TYIMB ! 2 ! 
!Last Imp Bit ! LIBIT ! 3 ! 
!Imp Data ! IMDTA ! 4 ! 
{Ready For Next Host Bit ! RFNHB ! ) ! 
!There”°s Your Host Bit ! TYHBX+ ! 6 ! 
{Last Host Bit ! LHBIT+ ! 7 ! 
{Host Data ! HSDTA+ ! 8 ! 
!Imp Master Ready ! XMTOT ! 9 ! 
!Imp Ready Test ! XMTXN ! 10 ! 
{Host Master Ready ! HMRDY ! ll ! 
!Host Ready Test ! HRDYT ! 12 ! 
! 

!Ready For Next Bit + ! RFNBV+ ! 13 ! 
!There’s Your Imp Bit + ! TYIMV+ ! 15 ! 
!Last Imp Bit + ! LIBIV+ ! 17 ! 
!Imp Data + ! IMDTV + ! 19 ! 
!Ready For Next Imp Bit -— ! RFNIB- ! 20 ! 
!Ground ! GND ! 21 ! 
!Ground ! GND ! 22 ! 
!Ground ! GND ! 23 ! 
!Ground ! GND ! 24 ! 
!There’s Your Host Bit - ! TYHBX- ! 25 ! 
!Last Host Bit - ! LHBIT- ! 26 ! 
!Host Data - ! HSDTA- ! 27 ! 
{Ready For Next Bit - { RFNBV- ! 32 ! 
{There’s Your Imp - ! TYIMV- ! 33 ! 
!Last Imp Bit - {! LIBIV+ ! 35 ! 
!Imp Data - ! IMDTV- ! 37 ! 


a COND ED GUND SERS Geen GE GREE Gee Geem Gums Ghee Mee He Gee Gee CEP Get qe ee ERE Genet Wart fee Geen Gee Gee Sees ex Ce WET ee Gee Greet Cees Chee GENS Gane Gene GT Chew Ges ee Cree Gem Ge Gee eee Gees Ee 
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19 APPENDIX C - Looping Plugs 


The following sections contain the wiring to 
produce local and distant 1822 looping plugs. The 
plugs are a male and female connector wired back upon 
themselves according to the charts, housed in a common 
case. This gives the capability of looping back in 
elther direction. 


19.1 1822 Distant (750589G02) 


JUMPER 
PIN to PIN 
RFNIB+ ] 13 RFNBV+ 
TYHBX+ 6 15 TYIMB+ 
LHBIT+ 7 17 LIBIV+ 
HSDTA+ 8 19 IMDTIV+ 
XMTOT+ 9 ll HMRDY+ 
XMITXN+ 10 12 HRDYT+ 
RFNIB- 20 32 RFNBV- 
TYHBX- 25 33 TYIMV- 
LHBIT- 26 35 LIBIV- 
HSDTA- 27 37 IMDTV- 


19.2 1822 Local (750589G01) 


JUMPER 
PIN to PIN 
RFNIB 1 5 RFNBV 
TYIMB 2 6 TYHBX 
LIBIT 3 7 LHBIT 
IMDTA 4 8 HSDTA 
XMTOT 9 11 HMRDY 
XMTXN 10 12 HRDYT 
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All slave modules examine the address and control 
lines. After a delay to allow for address deskewing, 
the Service Master module sets the strobe line "low" 
and then removes SACK to allow the BCU to determine the 
next Selected Master module. During the service cycle, 
the addressed slave module must respond with the 
service completion signal, DONE. If the data transfer 
is a write (RITE) to the addressed slave module, DONE 
indicates to the Service Master that the slave has 
accepted the data from the lines. Upon recognizing the 
DONE signal, the master removes strobe, address, data 
and control. The write operation for this master has 
been completed and the Infibus is either idle, or a 
waiting Selected Master can now set its address and 
control signals "low". 


Overlapped selection of the next Service Master 
was enabled when the current Service Master removed its 
select acknowledge signal, SACK. If a read operation 
is performed during the service cycle, the Service 
Master sets only address and control lines "low" when 
the Infibus has been released by the previous master, 


The Service Master waits for address deskewing and 

then sets STRB "low". Receiving STRB, the addressed 
' slave places the data on the data lines and, after a 
delay, issues the DONE signal. Upon receiving DONE, 
the Service Master samples the read data and removes 
address, control and STRB. The slave removes the data 
as soon as STRB goes “high" to release the Infibus. 
This completes the read operation so that a newly 
selected Master can then assert address and control 
Signals. 


Overlapped selection of the next Selected Master 
was enabled when the current Service Master removed 
SACK. If no other master module is waiting, the 
Infibus is idle. Receipt of DONE by the master module 
indicates successful completion of the bus service. If 
DONE does not occur in approximately 5 microseconds, 
the BCU sets the QUIT line "low", indicating a cycle- 
abort condition. The occurrence of DONE or QUIT causes 
the master module to set "high" the lines that were set 
"low", including STRB. 


Removal of STRB indicates to all other modules 


that another transfer may begin. A cycle-abort 
condition may be stored by the master module as a 
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J5, J6 Control Panel Address 


Connector 
J6 


Used for all applications by BBNCC 
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J7 Memory Protect Access 


* Used for all applications by BBNCC 
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No jumpers are required 
on the CPB or CPC boards 
for BBNCC applications. 
Field J2 should contain no jumpers 
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Typical J2, J3 : 
Example: CPA (P20) Procno = 1 
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1 Memory Address Select 


Processor Local Memory 


Set These Switches 


1234567 

©0@e0e060 0 jvm | 

@©e20e0e00 0 (0 | os | x | x, 
200 | ak | x | x, 


Key 0 

(Use Either Table) eee 
Key 1 
| Key 2 
Key 3 


X = Jumper installed 


Note On some cards these iumpers will be a bank of 
switches Look closely to make sure which 
switch is No 1 
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Typical TAG 8P SA=0 Key=1  Adrec= 14-17 
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J2 Address Recognition Connect 
Address Bit 
To 
A B 
17 * For 8K Memory 
1 X X Do Not Connect 
200 16 * J2-A7 to J2-B7. 
Connect J2-A4 
30880 15 * to J2-B4 Only 
4X X +4 for Interleave 
* 
5e°8 Mode 
6 @ ®@ 
7@@® 


X = Missing Pin * Set for Standard Pluribus Applications 


J2 Other Applications 


* For BBNCC applications 


High Core Blind 
To Make 30K to 32K Blind Connect: 


J2-A5 to J2-B5 
X = Missing Pin J2-A6 to J2-B6 
J2-A1 to J2-B1 
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J5 Memory Core Type 
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X = Missing 


Note: MXY is 4K only; 
EXY is 4K or 8K 
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Term I/O F-Bus 
VDA-PLI 
Term 1/O E-Bus 
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X = One 


Zap, * Saddlebacked Chips at A2, A3 
—> One = J6, Pin 3H Jumpered to J18, Pin 1 
fi pAASL NO = J6, Pin 1H Jumpered to J18, Pin 1 


X = Missing 


Typical PSB °° FAO0 Speed = 9600 __intlev = none 3stop =-2°“data=8 ‘?revdat = RS232 
Example: 6p,5.=-190 CRT = yes 
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Typical | PSB °°FAOO Speed=9600 intlev=none “stop=2°'“data=8 “*revdat = RS232 
Example: ©Bus=10 CRT = yes 


PS B 2102300G01 


18, aly? 
' : 
ie : ‘ : ’ i 3 t 4 , ot ' aU ally 


i hy aria tay thd? 


P } Ee Ligeti, gle 


eepmrya tpg f fy oat ; 
ah ‘ ij pe ri ate gael 1 AY thd al MF tt , 
viet we fr + yh ia nally fh feats el nated hae at aie anlfer a a tts i ite, Wee ul deta eu At tal Phi Hay we ‘ y; te ape ot f woe 
lity ani aelinly gaaMene Tip atan ATE hdl det ytd «aly Ht Ine a heath nH nH inhi ho dtl ge Fale a ata heft anthiedan gt Siping dt t eaathut « “phe 
EAE em a a Ge dg acd Ee 0 ala rE it" emegielie’ « f 
i 
Josnth 


fag 4 Cu 
IAT ate pat Meith Hl ow) 
i i H i dit ii, ji ink Ph i alt, yar, ‘Ry Hh hie 
Hh H i ! i He aaead wd  nelhipl, oft f 
A bet LE Manatee gt RTE 
hi AP ae EY dh Ga i 7 ; a 
niAh ba yt ip i 1 de nyt + 

ib haat ead» gas) BAR 
ae i a fe fi Jt Le pailta rt of 4 de 
MT Bog ts TT a ins lit His 

Hai 


if f 
Hil il lly wis uke ia fn wg Bs pity ly fh 


of ' 
: 1 a 

Pex May d, fly fey + aff 
CT ah a es 

yyit ‘iy a hier al’ htt a i, 


y 


H 4 
y i i aft i 
Cate eS ; ile Th Tl ata aE a ee a 
F 
ae : ‘ ere cen a ib gg ak GE Pate tg 


fi} 
if ey 
h ia uilt Sah Ay dh 
img rath gig leg ly 'y 
f Pe ee fl HT 
wae Ie ny 
8 eT ea he ee Nes 


fp? 


Td t, 
; ; 
lip AE hee Li tae 


iit fh ee fi yl 4 th 
HE A Ay tat My HE aie 
He MCT RN 
i i 


pln 


ity 


Fey i, es ot hi fi ity 
Wa ftity ey 1, Aa the ath es fi ah a shy ity atl 
Dh og Oe hay Tie i i, Te (i 
A ERATE EER 
y fl gt! i! | nal a aye i 


Af tty, “Hf 
fi ee Pe i 4 ly / H i ‘anf Hie 
“Al tf Hi “lh My i "i ge 
Mi ee aie. { ‘ Bir Hind 3 Ye 


ih Pl 
d . : 4 ne i Ah 


4; ts 
he hfe aft ni an 


po 
hh ba Lye Hy bey IE yy 
oop 2 tn gale bth belle he BY tll Wht da ded 9 be 
Lie iy apt a f piihy Fifth molt hy te yd Bak 
ip die iy Heh r ft yi) 
ah ae i, ee a: Li 
ii 


iy pf Aah Hit eal tie Up hh di Lik if Hi 

hy a EM TE Nag i ify Sah tal hi 
Hr hE Ut elet Mle PAB f, rfp Pape lord apie Bh i 

i jak Ply Wh Mh Hy i i Hh a Tak 
f i 


" lit 
fi 2 afta tty toh elt tiff ity 
hy iy i), i, f 

a 


Bi: 
P 


fy 

1 Mf thi 
hd 

aie 


: 
’ 


if 


yf 

: 

i 

i Hu 

p ] h 

en A le A i 
tity ppt bP ath ‘tba i ; 

} iy, A iy fe ae EE ay Pat antl ua £4 

i Hy f ley il pinyin wh 

H ny Hl i 4 i! id i i a ie | ‘nt will hh 

if 4 ; i ae : Wa: 


nt 
4, H ity | yt 4 
i it 

th ne fan sh ? 

He uit fh gap, 
yg 


Vi 
i 


Hay 
Ith i 
y tH 
i 


i ra ‘¢ Thodte # ' 

' hd 1th ap itt ULE an LT ee : 
nt pn tty auf to hig th, 4 la ety 4 Pie * A 
ne ie ad ld ee Eo LR a 


gull 
Hy 
vd Marth, 


, ¥ nyt 
? He 
whl Hf 


i 
tl ae! 
ae Pi brasattpdtnchand dist Hie y beh 
Hh f 
tf =) ji ade ' y 
beni yet ii Wy) 
ii Te ae 
: , Hi en a ys h; al 
j dod nity ALE th Atay Hndfid } His di sft Hm 
: . f le Be ek Tie 
% il Ne: Ca 
y Hy Ht i a i Basi be iH aids Hy i ’ fi 7 i 
Te de Tae / Ie Pid fl tied ‘dl 4 ca | if Hil lig if i i my, : : oll tf hi) i Ue ) 
: th i Mh pie, LM ve y ee ae : a be onat j 4 y 4 j , 
4 dyn ft eh pot 
i i Ut iy Bt Hayy a tong YET yf 
fe mrt a ander take ga at bes wl pe oe ae ep pty mn 
% af 
tt i a” a! 
hug 1, ‘ay iy tite, iyi Or re me TL tay 
HE: a ae vill te | h TE AREAL 1 oki 5 ® ena ms Pei pep sr lite 10 MFT atau 
Hdl gH el nl igh % YW ra i 
A ‘ fi ie real 
hy 
i Hs 
im : 


: ] nathan i Toa ly And “tdhavony deal fe ties 
splay nh rally dal Wi ofa ffl Renae biel guhe Ha HH, pn tenth yal 
4 a if Be th ff iP ; Hh Ie Ty Hh ni Hh Wh Et tas et HE 
«oa i if HH he ff TE A PO a 
oe Aaa if ; o iW : A Ss. ) a a gl 
& ; 4 a +4 ‘i 7% i a Sid i; th aif 
i} } it h Ui hi Rt LR oh 
* y, Hi q a i ny i Hh if ip i 
; | cE Me ne hay 
hie ‘ 1 fhe ha i ay er 
i si nd ad epg a iy Es 1 tad ntabannaig ity 
Wi, ey hanes ed i RC Hn rn io 
Henna le i | Ws Ma a ow As | oa 
it f i f HHL mii Hf fens ik 4 WEAGTD ve * 
Jay od ny a if Ki i TAA EYB b nfay 18 
d Wp at pled of ‘ itd “Mi h Le) , f eG! j We ie 
i His, . oy. OB ; by 4, ty ye ot ae ee a . 4 ; by fy i 
i ih s yA a wl ft ‘ i yi ij a fat : Wg Ty, ‘lant ; ; fy LS, p pa tol fa i hae aft 
i ; i) th Ree i ; ‘pe Fa age #1 a8 
oad gt } alt? Y, r tt ! - pot, 
tay hen el yet pt hp tge 4 mE TY ? Lg 3 FY A tape hey not yaad f 
ip MLILTRA. ee peer eT a abchdon’ Gal 
h Lite taaiahhe A Ce ii i he hb i! afi yah 
Bp Hl halt uy oy iy “iin i, i} 1 ; t i . , 
ho ad atta nite RECT OM CARRG (oF 3° SOC CRIA IE ba cc a 
i Puna Ul na tl h peeing a | Hi iy gb De oe 
PE ad, and i ] f i iy ie Hi a iy nH Hh A ial ee) ll ah “ni! ae ny 
r i ligt 4 ‘ i Hi if HY o 7 HE ee res tr ares hh fae a yet Wk p Mp hye My edith fo ain ign tilted 
. ry i F i wh Pee, y % ft wae Tid sali hi Hy i y Fabio tte male netstat gt es ke Day Pi 8% jong il andl BA citag wi ih vii fai i ty a 
af chi dabei aly TT EE i abel ged, jie He pele hil Te A / Me Ht ue 
Ls Whe Cn a ale ee a Hy eae ag mn i iM ; y We Pee | ly ve 


ie 


if? te 


1 nhs HR, H hal uty ih : Ly edad , i 
tly Cag aerate 4 af 4 : allt Pi Hi i y r + dit , 71 
ii ot fae Aelita HE Th tbh ane via , eh at i i i re sia f a ' ih 


phe t i 


g i 
if Ws Tn oT f He sad Wl sill 
Hinihides g RA FU ie 
li ih it i MM ql WE Pye ef Hy 
: s 


ih fal Heat wba #8 rat tar 
fe 
"4, pat Ee deaP tty pte 


: 
1 

PA ae 

a ? fi ei Hi 

- i # i" 


A 
i iy he ay 
9 4 fam 


att ine 
top efit 
Fir 


Le it 


r 
4 t 


q 
i 
Jey 


4 
anita elie 4 


hy j 
a ; fying « 
ata tdpha’ Be ie J ° i Ae 
4 
} Fatt td 
h aT Hualpi ria 21 gilt " 
ae sapped p a pay i ; apts i vias ly Mag if yi 
"hog 4, b falyryy Mh ‘ h, f cf tate & 4 tolkar He 
F : ar en ee 2 | & 4 Pea ey sat abd, ata oa 
ie fi we EO Ge 4 B pape : ee TRL | din 
{ i Pad dha fy eee Pg : nn no ef) lh Hh Upult oteeh 
dtl! lad jude, fe? fh ya a a re a Te a ae Y 4 Ooh 4 ft hehe Eh Mid tl ge 
y te PEGA ea fget 1 nh Pope UE oan ef ag Ld thy i Fe a ne fin ial 
- ef ’ fa MP ae Wa a tidy 
lip oi uf 


pee fey ype te 
tf f 1 Phy rah PPT ag tty, ay BH 
dr, Ef Heed a le 
ards Wags at 
rer he Fy 


iy, 
i, u Hal 


ae HH tp hy rd uit i ms a 
qe Hat ha ett f ad Wh i, y 4 i a io fil Fag i ont ae ae 
dS i if Pag at ‘ely Ad : Hl a yf) tat y F 4 fy Pky ame ee bof Patt fis hae dr 
‘ 4 A Mt we Ih Ht n tlit wh r et ely’ foi 
a ‘ q f Hib el yaied vie u i Mi i dn oie EAA # j Pye ia diyill «ae 
f i; 4 full oh wit dala ’ ie wy 1 4 pt Mt ce 
a “ain Bk ted 4 i ‘n it ? i; . 
fly if ih ; ae wlth Eh i i 1 they 
i wh PE El Gl Hae i iE ial hie ne PML af! 
er a t 4, 4 fd A CR al A ; 
met P ha Wit tL til Fy» 9 
Lit onind he i foul fy 2G 
tee fet bf af 
Cay yet 
ae tify yt i } it 
: ff ya H A H ig ‘ ne 4 " x yt pn tdve 


2 yey Ue 
‘inking ! i it 
PL a Pals f : dat i il ea 
f fy Apa thy a ath ; hi i 4 
i He feel ieee PM MER A i j Wi ; 
j i "7 Ey mane iadinet 
i) fe Me He 
4 ed ity, ? 
fee Bay, had HE a He i it ti af i iy i ify 
! 


af re) if 
i OP utdhsebehyspttbfefiah, Bg uiprdy be 
@ Y ie “ltnyy ah gti " 


ody f 
, Pytid n 
Be ‘ aii RS na ere ko t 


Pin 

m4 tr 
an By 

: TE hy Peg af j Bed, HE biagh et 


hy 
if 'y 


oft wit tint VW & bgt al 
taped iy, Aelia hay 
at & t 


f 
fy 4 4 
t My Hy sh. a Hy 
yy Hy Hh hdl AH aed HP a 
AL a iE ed a th 
PEERS OWT ney AEE At, 68 gmldlal % J ba Wile 
ram U yy ted tt Feene sere teat ad aq 
pt ” om i } AT lhe by i 3 
A ae 1 Mabel a EE oat i, ana nth at gig e ) a hh 
a all pee dg ES By ee tage 1 4&3 Oot 
‘ j ee Pe 
hl thf 2. t Ae 7" a OF ere 
ft ; ith ; AED Uta, te oe GEG fall! 
h i 7 4 ade 
ff : ‘ i; i oth fo ailey CiBhe Eats CE 
' 
1 


& rede let tal Valera oryyer Dive ay pe 
AF ey we AEE Ped Pad Bt brie at 
0 Ht ht i} y t ee 
Rie cl A ee 
ed int vi i fiat? ff 
u ae 


# Pea 5 A f trails 2 
Bois ins, Tye itn | AHA, Loh ; bitty abil fell tpn of tyke cole oe Liguitts 

te ge ahr Mand p rea iow, ke ae 4 
: cg ht TAL 
Bi soy ev ~ ddl : we psn 
ot thoy dng te, i ae we ] " : : HP av agli 


fai 
i 
si 


hee tity aa AGATE 
Fag ph tii Hiyt 
ait ty we 
P f i her 48, 
. ae 4 ‘ ; aon tinh : aft od iH q 7 : 5 eh, rhe att? arpa Bey bgt # di " t, i ‘ ’ 
ee aside, yg a Te i h 4 if en a Pye ath teh GES ea Ba | dnt ite ‘L, Le eT ae ae 1, o Ta : Pde yo 
4 head fit thalpie pares ied i ae ‘ le hai Hi fll By tatty dag yh ead ed Hh Me dy 4 + hen en aie ee iy i ee at al 
ar ae * hy aL pelytesptt a gh ppd nd dt ape yh bp, tee at WU dele | Ey Bey? . . i 
| LA Hd tly Eds EMU TS TOME ¢ ’ tn} th yee ee ee oe ER aa ald OU Ge en 7 
ye Hh, a t ‘Al i at ue : t ? by FB ty da dt Ein vf 
tiki g? bet ty A E thy ype toe toby ht ey at, t dy if t : 
fe tn hai db DE ‘i ML ap ated ts Abia AG Me tet ae ata je tty tht Te ee a ae ee 2 
‘i tif t Aff t A 4 fa she it fasts re lid yb yt Mah udu of dlnbhp y ? te 
UE Be Pa MEALS, IACMR gat ay Pie Ebest acebe thao Ae a iP etin yt 
yet hey : ' ' ae te, moh pocal 
tar 7 a rapt pe aL ve pe ae Fal te Tey beet se om tate ae alt 
to 1 


ee Hig 
’ ‘fil ta, ' 
a a RS aM EAD ype ty 
PoP oad aie ae tH die te lay : 
at ra pea Hn ie alt, tad Win we 
1s aia LS Ue tea belndiN hs 
ad Any Hite: ibenhataas ita 
on GE ait Ag 
te BS, i, 
al ih ae: Uh, i i 
7 


J 
bd dha fh 
i fr tty 
4 


: 


2 Shhh 
? He rel 


Za 4 
AE He ot £9 EP EET an 
ii shai, She fie 8 EU ag Bal tity | le dd 
ioe i wk Ba ate dE heats Ci td 
th a7 se RIOT a 
t mere wt het te ep ape WE te ey 
, 


2 
i : ‘ ’ 


3 Stop Bits 


Number of Stop Bits 


Number of 
Stop Bits 


J11-3A 


J11-2B J11-1B 
J13-2A | J13-1A | J13-1A | J13-2A 


J13-2B | J13-1B | J13-2B | J13-3B 
Two ee eres Deer eee 
J11-2A | J11-1A | J11-1B | J11-2B 


J11-2B J11-1B | J11-2A | J11-3A 


*Normal Setting 


J13 


10 @ 
200 


3@ @ 
A B 


Typical 4 PSB ~°FAOO Speed = 9600 intlev=none *stop=2°'“data=8 ‘*revdat = RS232 
Example: Spiuc=10 CRT= yes 


| PS B 2102300G01 


My ladeihe 2 
ieee ! ia fy tate it Mae MA i sates el hole ey ae aoa 2 My eta fet ee: 4 he att i 
Ji ff ji nf Hy, Ady i A i ay i cp ae aid j ett, 4 ee Fs ae 
i by ny | hy 4 pei Wt dag ee Me shy “th piiileg Hi 3 Hii; itt sha ha , i iy pele AM sys gh ohh Sommer ty Hity Hot fate 40 yg Ue lt tye he Mey nihfrn 
veld i TET ES le Rega ey i ger i ss i Au. Coe — oso cal a ik Gi lel in eae ay 
‘d 
i 


“ iH Mb So Jf el oli i nati faa re mh iad 
ee ei Gf ne i A Hele Py ne he a ft , “3 < j i ‘ 


ce o by jug : ae a a me il uA ee lage ‘ ony ots va wf jog = vag yy Hype wet fF sa sandinanp il sap, ih 
vt ale Heh bie : 1 dey gad indy git iy 
rey iw te Yd odd ay x a ae lh i ae ] - . M , ie ae VM ee 
i f 
la ~ ya f - HE at 


‘ , ” my pel ‘ha ne Hy) bit “i iol iy ahaa y en a Ny lath iit ie 
tf Mies wip lee ta ey We i a dl aly A ie oe ie of hy ee ay n oe he 1 OE ‘id ue i ih ie oe eb ay alg ih f 
+ ae i A oiptt ; i 


Hh tid aM Tia, il i rh, ie ne : 
: A gt by 1 ah - ‘th La : on ee i ie iy jin ig tes ities i , ji fpr igh od 
q bhi wre ie 4 i ch 7 oS His i at id “ih suit oe m a a lh yolk i Ae wf Te Hi nll yy a fh fhe tills fd 
¥ Lg i pe ol Hh a Be ne Ve i Wa) il = Se ae j i i ih ] a 7 os eer Hott’? A | We Ny ae a ve ne i he he tai i : Oh a i ih ee ie 
¥ Vy ih a 40) ) Us 2. \ s 1 bee ae Scie i] ens ye oF delat iia oa a neal ae % ain iat 


f ia i i if 
48 ss) Vy i, ae = bee B i : os ij ; 5 4) Hl . oe 7. i oy Le a ay aL i i fh, of a ye os ie We Iho mn ’ 
ith on a We i i 7 ae . - oo ; q i j o ~ a aL ip De Mh a AS De tin i oo 1 Hh 1A Th totale 
i . ny a 7 wie ih f o uf y os “ ay i Re mith nh me alle i 4 : ie i, ji ie : 
a ‘okie “ ‘ ie te ria ot canemnee 2 o ae yh a a i a ole Seen oe “is sa beet 
ni 


. ty a i Hi a if ey ia) L es Hy us ‘ He Mi ie MH ahs iH a4 A, oll i he 
Hf 
Hh 
i; hy 4 Lh thant tl Hh Paitin ae: ed ye 
: é i i . He ath 4 My Hh ig ue ae 4 : 5 ae 
iH He ote es iy ea 1 a, Hi n nee 4 ee u agp i ve hl ts : nh ie 
i — ’ 


fad "gt I, : a , tee 


uy Hi 


‘me 


ry i i ae ts 


hy " fk es Lif bis | [, va int ae 


ih iy fyi hy ba a 4 hot 

of ue ake oe a) a yy) i Ve ng oe uc a8 SS i) ees ihe xt baat ACG oe ” — | th gt ty apy Ta 
ey i ie : 7 a _ iy yl ee oy al L oes 
Hl / . a oe u “y ae oC ee a0 a uf oe foal ie 


f My f 
ae Mem ay “ih ae i a i ce ne hi os 4 Wh Hy u ig uy i 
| gas ser Megs a ae ie forte — | iy o ses Dees, es ni nh a i a 
Aa agile ae A Me, Ane Haade hh ies sl jit j hy 4 hy fi ? : i ie i ae wets Ts : = ‘7 si Wea but nlp 

" h i Hi a ie f i ay A oe bye iy il mj Rho) Me, dies 


1% i A y 
br badedtntud dil ud, get an) LA ae i uit , : 
se ote) eel i he Ae eae in Mle a apy i ah ae bo h i free, Vy ee & Pai 1th 7 yh pales Spy ms at oe gat? 
«fills ‘nary y a Ms stalin peli eae is a te 4 iP 7 “s ae 2 - A Uy i il 4 iy @ ; ' 
: Pity sit i (rises Win j 


Hh pt) ty AP ria, im a ‘aaa vi ath ' ’ 
tf 
ppl 
” il a spt 7 tt 4h rogh th 4 fy i . 
Ean ins Ly 0) ny Na ce 


< 


7 lf 
dt 


es ste Hey 


A deh 7 i : ij df a 1 v fi aff addy dn Hite Ha 
h Hi ee ih hha anil th A deg ‘ofillilesh piel hi a hay hl hi! hour 
HT a! Ht ee than, Hf Hy we! y i nip bee i : i i te i ae o mie — paeaiur whe Fath os f nae ee 
th sft ‘ty bs aly pike iy ety buf | Than, i, ha 7 Hh hi fil A oe iy i a wil ! iy dil th ae iy pnt il hye yl rh thy ! ly ball tyr, 
ing ni alana bie oy i 7 Hg Sa! : i ay ia i - He AG tats TO a me she, hee ae oe he Le ee 
Hea iy ay a iyi 
Wy 


ae 


a fy Pret r : yy sd Hy fab 
y Hs Mi iy a4 yi ‘abi ple Hy i rita Ais wll 
adil i th hh “! " i na if aH, a ft “i a ny ‘y it a i A ade ‘a lp Ulaavida ro ha : a if it ie oo cep, a i Hn ie fui if . if He Hite 
hy, Ve Mi i nm J te } i : Hi it p Gee 
ot I ih i aj i ‘tae ae a a a) i I 7 ee aly co i, Lh i ki / / if aa a ss # Mh i ii iy i Heit an oh Ha i hy oe fly wear 
sow Ne an 4 uh anny is aii ay i i eet HB! a Hk 4 ; 
4 ih ae t, ‘ UP it j hy . ital a ia | ji Wy as He 4 f bees 4 cs ii i. tly iba a a, P “op off : 
mys ei ae Hi eid ak Lae “ y fs i wii Lip EIN Mags oP may the ae troy bss 
| 1 | | 
ne ee ails a fi he radi : a i, si We pol Ss ee ei: rf vile nye pi is ie a 4 | a 
itl 2 


1a fiat hy 
pin el a i fi | Ld . tbe ality f ie : ilo ih th MM 
Hf ine b IY ty i pa 7 a aL ae Hp | Pci gah iy el 
a fii i gts Hy i pe i H if ce “ — q a He a. i | ip Be acy st ee i. ? me, it a i el thie ni fT pre) 
4 HHH 4 ‘ . 
Te Os ae ve ie - ad : ty mecca Lee we atid ( a 
‘ap hy ii 3 i i ai i a ie id pial f 
a xan ie oS di i h Ld he a Y A a Kae i, OS ees oe a 7 il 
hath dy fit Hi Hy A My i ‘ i uit + jt 
di! fi a Hy il i i fie Hind Mi ot PN di AE nih "9 2 i Wty graben, | shill ibid ie , ‘i Lip A ale 
id at nish “4 A ee ee me . ye i) oe : oe Oe shy rs Crh ny pit ig cea fe a Bees 
hgh a Let HEA fff td Hi Ha i iit Pay ihe ey jpn byl? iT i Pee tna taee “le if 
ee eae he he i. i ry A et i i abil ie nm My nv SE ta us A tlie ily te ee) Ea iog! it Reh ppl st att vide ca Fy Mg ode i lk ar 
: a 4 ue et is a 2 fe ob ch th it uF iy if 1d Ue ah el ma yeni ie i apetld ld fet iy rape, Mars ale be 4) Wie jt, 
i! yy Lk : 4 pally neg i i esha ane ie ace os os o Hy bili ithe f gs iy - id fae’ “y (balay nh ity a, ‘a te dh Ha vaydlel i nye rye a ih fe : tte i " ‘it Ma Pats 
Me ih Ea a a i 7 s i tH A fh hy ft i hi 
i , : , i y 4 
fan yh “leg soil ies me o . | il a Mtalegaiis ial Ae shi is ff bool A poe pay aceite re _— eine aes 
Bat hd Ae if Fr ae Kai a one bal ‘ial ey defpll caf ata ily , . 


om i M4 js Pay ” ‘sf ane ane we i: 
i 4 ig bs La harhyt e Me i P : if ne n ah ae i, my b fit jeagpte ns 
; Hi " 4 j id en fe baa ie a Hi a A! on fh a ai sad ‘inf lit i ie 4 ‘nih the (: ti a Hs i os a! fit 
hh tt it Te ‘i f a F Ae oe ‘ a, Ne ¥ ae Mai i Mh wil he iy i Anite alg: z al , | 
i | x hy . ei ; j a 3 


Pe ? : 
ds ai ia rd th ; (il Vay hi i apf ta # a i ay r a} in y: ' i 2 : Tak F ta te 
a , Lil i. iy iy « tn ‘ i 
qe, waite iy Hoy tnt 


ye ih 
i ay mh, mat ihe 
yy 
j bi) ih a ve tilt ah all Hl ate fats Md Ha i ifn ‘if ty Hh. ia | thug mf 
f , ; 
be i aN a a iol He ae eh od # rel fant ‘le, a Ma i AEP ha ih . band 
: > ee dat ee he oki . Hf aw fr, 4 Pi AF 5 ‘ne Wy iy 4h 4p 1p th aged iy wae rir ut /, 
if ae) aie aie d ey fe ag! Ht 

hl iy _ i ? He ne 8 sel hiss Bahan mi i nen eS REE hele : 

yarn Mikes a ee pi i “fg ue ik et ree ak: | 
a ' 


: oe 


’ 


W " 


a 


ital yt, fy 


nt i rm 
Z (fk any kay 


a alt si cy an i ply — him) 


nee Hom m yeh | y CF 

nt ade est Ul ag f UE i an 

ee bake we ae ” ff ae a od i, i an fo “ aH i: 

“a i wil dt abla a a, Aa yy 

Le if bike um cs yy i a y Le Hh a . 
ned ajith nt he hel sm Uh 7 on oo te ad heal ne Me rd Ue 


‘ 3 oh Wet, fee 
! tplip es iy ‘hie is vi ae ae % 
ips poe pete eae REP ae a Be ey i iit Poe gd 


i ue af 

fell i, Seinltphnetngl Ti pseabloly Ay wl uf iby fag i bat 1 shy uf pied uy ilies gat pipe sep tow oie 
, 

F 

Fp oyt tad Pr 


2 : 
: 


J14 Data Bits/Char. 


J14-2A {| J14-3A 
J14 - 2B J14-3B 


J14-2C EE oa 


EIGHT (-214-2B | J14- 3B 
J14-2C | J14-3C | 
| J14-2D | J14-1D 


* Normal Setting 


J3 Receive Data Mode 


@e@ @ 
12 3 


Normal Setting 


Typical PSB ’°FA00 = Speed = 9600 intlev=none “stop =2°'“data=8 °rcvdat = RS232 
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Remove .001 {fd capacitor | Jumper .001 //fd capacitor 
@ @ ee @ Transmit | jumpered between C10-6 between C10-6 and C10-11 
123 45 67 8 


and C10-11 


Remove .001 {fd capacitor | Jumper .001 fd capacitor 
Receive | jumpered between C10-7 between C 10-7 and C10-10 
and C10-10 


001 Lf 


Notes 


1. For 1822 local and distant levels only terminate 
drivers. 


2. For V.35 option terminate both distant drivers 
and receivers. 


3. In all cases, if two HSTs are paired for redundancy, 
only terminate at most one set of drivers and/or 
receivers. 


4. Local receiver and distant receiver strappings are 
mutually exclusive. 


ae HST *E140 ‘PidAdd=E000 2PidTr=90 “°PidRev=80 °Dev=00 
© Rev = Distant 7Term=None 8Rdy =E 8 Pad =P 9Speed = L 


13 


pee 
2 


a 


fy 
ye 
di 
a preyed R, 


fi 

Fins ” if 

as Ny ‘ aa Aig yu! 
hah note 

dn t 
vi wy 
i 1 
"Hide Dawe 


TTF ne am ee 
#n, 


tu ite iy 


oa ean! 
Il, 
" hid 
ae 
V7 ify 
i i 
weet 4 ee 
fh. 
Af 
ith 
‘aya h 
ig 
Hele? 


vit 


i ity 


a 


Li} 


i 
A 
' i} p 


th ft : 


fa 
pa 


beatae 


# half, 
afd ile 
angel tile, 

td at 
: 


1¢ 

py Fy Peay 

Bae an h 
ta of 
aa 
na a 


nf a 
4 he 


' 


4 
he tan ‘ 
ete 


at 
cathy if th 


en 
vt 
ih 
wh us 
aE, 


is 
‘n il 


to 


sot 


fh 


Helden 
Negeidn 


Sey : 


enti 


hia 
eat 
tai! 
that 
rae 

at 
a 


yi 
1h gy ae ee 


fa Hat ‘ip ey 


att tr 
ee shite 
ely atl 
fi negapiring te 8 
iat? 
4h gee 


er 


ue a Yy 
Mak atin 
aft id 
ok 


aie t 


fe 


i} 
: HH ie 
in?) " 


qn " 


i rift ff 


bay 


yg 
RH " ‘a! § 
t es 


gu as gen eee cog aee 


te 
=o 


meu 
ji bie 
vp ‘igh Hoh 


—— 


4 
af 


hh 

4 us in Jn 
hh 

f fi ut 


faa di, 


Chie 
fife? 
i 


i'r 


Zé 


Fi 


idea dt 
wy 


I 

ie oh 
, 

ibe pee 


# 


a ‘te 
: 


ec 
me wai 


fl 
pe 


i 


it 


a 


Wh 

Fy ahd “Hit La 

w 

He 
ie 

i ii 


prety 


ft a jie 


fy Ae yl we 


a 


ae 


ih 
ua 


Hh het 
sib 


sae " eth Hy 


é 
Lay 


2h 


i i Ie hy 4 


i 
rh 
nit i 


at ia 


v uf 


1h 


iy i 


" 
t 


ai 


ne 
— 


if 
4 
pte ee, hi 


um au Phe ot 
wa ae 
haat pe ypaghe? x! 


ie Pe 


iy 
bial Hi 
ee 
tH 
chin ne i es he i oe ‘ain 
bgt 4 See hae i 


A ay 
He hy & 
Be 


“ant 
Pil d 


i 


i 


fl it 


us 
a 


jetta! 


Huai ‘ty ‘tf 


re af ‘si 


10 


i At Phy ; 
it 
teat # ( ks 


4 
4h : 
iA it. Ape? Pile 


i a bbl ih) ps ae, | Tp 


ath es Hi <f a 
a ae 


pt . i 
. 
] a 
i bal oe 


Be 
my ae 
nhs 


| 
batt Lis 


" Ean ne 
ae fi é a 


. i 


i if 
a 1h dg 


3 ae A 
yh a 


zy 
4 
Wet | Me rept 
re aha etye 
re 


Rt, 


ie 


fed 


a i ae Ng 
' vd il 
i 


vi - E 


” " 
| hue 


; at 
ay gh 


i 
fs 
, 


ft 4 . 
is Vea! : iF 


lapel “ihe 
ae eet “sh a ah 
nF 


ay; ar 
ple as 


ni a u - 
4 


MLX/MHX 


8 


ee, via 
we ah be fy) yay! [ep oe 
i 


aeystles oe iy 


fa Wt Ae 


Bee oe 


ah 7 


oh # ye, 
ae : 


i, 
Bea’ d 1, 


Cas ie ag Lap ge tle tant | i? Te 


i dp hell iin jy 
. at ey aad Gite 
ae al ay if LL. ml 


ae 
od a eras 
f sl i ty, dip 


wen 


1 


ie 


ae 


np 


* HH Iyt 
bal He 


t 
¢ 


wh f) 
tye ft ? 
Py t 
ee te se te 

pe ee 


‘ 
th 


tt : 
of Oy 


' 
Hee ‘ f 


wal fh teed ul ity a 


th yf 


i. i 


MU apt 


be he ¢ 


fhe Bay 


i} 


ie in | i 
hfe (SNe t is Gi i! F 
i 


# 


| 


Inf 
al ‘i's i: 

F 

: 


i i! Te i 
ee a ie - 


' 
' 

+ ys 
fi 


1 
a A 
i , tse A ls 


ne at 


y Ri p28 1h 


ype a fists 
SE ae Hy 


7 


gh su Ahie 
jul ansth ‘, 


Angin & 
wm ey 
hy te 


na 


ahs 1 

Fe bates att 

rh ae 
ity 


gh 1 
bh we tore din 


ite ap nim 
aur 


tr Fk phy? 
bs 


Hep 
i Seass 
4 Hythe, yy ‘ fait 


i 
fF it 
b 

ae P37 
at, 


. 


6 


a ae 


i ye ” ih ha ry A Hh i) ba f gate * : 5 “ 
i ™ i je Be aA ay a ae ul “ 
te mn 7 uf " 


ye 
i, al { a 
: 


KG igh 


it 


a: ii 
a 


haa 
a fe 


, 
: 


: 
: 


a ' : 


4% i fs hii fe i sy : i thy 
C1) UM ea Wg 
UO 
i 4 r hp yee i pee Wi 


fe ae i 


: 
rhit 

fy 4 ti 
: th ad ae sil sy lini, 
yf inate ln § 
; ne Ay 


fi hy | 

: 

; 
fe 

ee / ee ye 


a 
pak 
ehh g ig if 7" 


* " ‘ 
n 


* badbeg sal ’ 


nee] 


” pe 
4 : 
¢ ge Ha ody 


it de 


c 


a, 
+ 


a 


& 


, 


"a 
ty : ce Hy 
if "Lae ty ape ls nf style 
wt fs papi llc, es ns ub, 4 she iH 
4h F 
4 


£, wy Es i Hil ee 
vit ye ye 
te BAe ea aig 
pe fe bz, Yat tee 
Pi q t : eaten tae wl ih aM ; 
: , 


t tft 
et fe 


' 


ut 
1 
1 
é 
’ 
BP 


1 


‘id 


tf 


ii 9 y va 


y's ig) 
3 fat, riff . ae h sa 


yf y 
i ! " ai tis te 4 af 
ye 


“ ty abe 


: 
y ly 
ea Ps ‘ 
"y t 


fi "7 bi 


Hi pa ty 


dye bya 


3) ’ 


Pee 
ae frie ‘et 


ik Piatt tt ty att 


' dha ting at 


Poke 

ry i sf nt = 

A 

“ "Phy ; uth, a i me + 
hist ae ‘4 dl 


ere is & 
ae i A 
i sey oN < ae 


iy ih Hi i; 
Hi ct sus ae Us 
he f, € 


saath tet 
t 


fie 


e 
te uh i 


: 


eth ote 


ey ye a ‘i : 


lh Ht 
bigs HbR rae ne mh 


ale 


4 


, 
rar 
uy ee 


2 t, 


f 
2 


: 
: 


yt 1 ‘ay ydual of 


ite, 


he iy 


“pil fl 


in) if Ag y } 
Hidde ys hid ? 
ie te ed att dig 1 
ii if a 2 
ve le wif i) 
f ay 
1h ia a, 
apie 


fat 


dg oe ei tis (eg) ue 


fs bh, hi Ht i in th My a 


ee mie ae fia 


ee w 


shoyl 
ae ihc, a 


a 


te 


{ 
A 


ct 


Hebe 
ho awe 


! hae, 


: 
eee 


Myth e 
: 3 Spit of rere 


abe) 
ees 


ree 
p : 
os abe PRE, 


ace hig 
“ 
ce i iin tk he Pal gael lee 


Fe oe ett ig 


ah Hy il 


' 
’ , 


thie : J diene # afl ah a fla 


if Np coe fe 
Ta ae 


i 
se ee ee a Bee i. 4 a 
i ee 


i 
A ms 


2100228G01 


2 1 


Wt; yy 


ey iy 


a ~~ steht |, 


am . will 


te 
} 
ue 
oan 
i 
ey 
ra) 


iu 


nn ji eh: Pail 
ue 


: 
- vf 


ie 
>? f 
t 


: : 
aagl ft 


at Hi é 
ya / i 


My 
ae airy ¥ ka 


ae th a q W 
44 


oi 4 


M4, 


eM ag, 1 Ha 


we 
aif 
/ 

‘wt 


rot 
te vf a eae ail ede TH yet et ie 


a ar 
ua 


: ar ley 


ae 


aa He 


va 


yt 
eat yr 
Ae 


i — 
ie - a _ 


i 
Pay 


C 
. 


t 


‘ vi vfiny whi 
ar 


, 


i 


Ay i if : AG < ee 
ub 


ics 


aed re 
a 


A i 
ha fe re 
1, he ay 


aa 
can iy &% Hy yl 
ipl yt had, Wit 

ate y) al ie “il 
thi, ty? Ne 7 
fi ; 


re 
i ih a ca 


fy i 


Adele rong 10 
net i, 


; roa rad 
Pw teens i fy 


nity! 
ich s Ph 
bi fy eer Loe iy ry 


ud 


me ‘a 


Mh Hs 
te O adh 


he 

a i 

a Bis on ia vf q 
a i fl 


i 


m if py ih ti, 
ae feast me i a ti 


‘it 


: a . . x ‘ \ ig 


te 
ae 


: 
“ 


a 


ot pial oe 
aeelfe ? hy 
eee gt 


HM 


fe Pe i 


1 


4 
i 
i 
Td : 


thy} 
Mt : ee 


wi, i 


Ta 
' 


ie ae 
iP Sy Bg 


if 


i 
Tike iy 


te 1 


bat $ 
+ * siden 
4 


. 


aay EH 


uy 
Pi 
q ‘hy ele 


Hi! i ii ; 4 ‘ib? te ae - rr eer ! 
yr ‘ p bi 7 ile } yt : f ” 
yes Th oe i i i ' 1g I iy 7 ies i 4 ‘s hy ny ia mt ; - a t % 
Ca Be had hh wget gt Paki elt Ln se va il ne “Mildciua ib ity iy adit 

af hae aang eeu ue yf vs ell Heh see ay 

flea ities Led Et hey ah tala naa f ue ib cn ae Hh ean iit he fi 

tl He fe! Eat He iy he a af ay hk ae By Sle vier Lae i) 


Hel ih A pit str 

2 i hn a ate uy i) ae 
afilig! ia ee te pets iy BRL A 
’ rl ye af au 


; hs ie Pn ar 
ee tid he a, ‘at i ? v5 
h ih atk i i e " bh ips wy 


"alt fay oy wile t pte 
ae a a 3A 
Pd, 


ar ; oi 


: 
f 4 
Be an tihy bh tye 
i fi 
fhe, 


2 fy ‘ 
fy att t 
leu 4 fe 


Heh, 


Ae tl 
ved abeahgegy | , fe feed 45 
e 
ie 


th 

Hae, pen erate 
Ta Rd 
i 


Ww dw 


hl apage er hy B 

vgs yg, 

at fiir prea, fe 
My ae ve oe hh 
I ad 
rot Hy ¥y 


fri 


he 


th tha 


ue 


A 
nu 


i A ou i : von 


os PN? Ba 
ty 

ay gedit tah 
i iy ei ay fe se 


f 


' 
’ Bs 
oye 


f te i 
‘ate i hy Fi H 


in 
bad 


itty 


ay 
*' 
ie 

fi 


i 


ial 1M inlet ty ‘eee 
ae 


hat p t 


fn hee Halle 
ty He 
HEE 


} tetin E H er 
ny en ane, 
Aa Sim nail 4 pang Pd . 
way ays ba 
a ge Babe ” 


ue 
a Pra) ie ehh % f ¢ : 


gl Pa 


oh "With 


age a 


Maal 


Ae 
ha ib! Hy ae : 
Phat rae 


‘hy oe ML blip. i ty 


i 
Ws ma v 
shir ay | ee ‘ 


fae be vite thi 
4 y 


hut ot 


4 
4g 


h 
at 
Dae, 
te 


fy 
% t 
6 tyt 
eit ie vo ji 
' ® pagitel i peat gab iryey! 
; ; ' pert rete ay 
vat te vehi ad ath tong peel at pier ett te a reat i! nop 


ot 


< ae < (, Pes 
Device Address we fe 


? a “if, € 
ee bet . 
de® 


BORE 
ete] [7jejsja 


J1 Pid Address 


ON 
OFF 


Typical J1, J2 


Example: Dev = 03 


MHX F100 PidAdd = F000 PidTr = CE * Pid Rev = D6 


2100228G01 


MLX/MHX 


13 12 11 10 9 8 7 6 5 4 3 2 1 


ae oe La Ue tht 7a heh 4 
Ht Wodihsan! thee tet ae pln ot 
: 


1 hho ih, FP 


4 ey if 


fie a Mayet , 


nye ‘ i 
ad ih Rog a agg ; 
0 i" hah aa Wy o gle fi ai 


” he rt oy ‘th 


! dt a 


By i aan Pe > ‘t 4g 
a) 4 yf iy 
Bila out ti if a 4 gi ehh i ; pal ae oe At i i oe ‘ it a lt i Ay ; / Hy He fi ea y 1) int | Piel Hi 7 ie, th a yy bi 
; bial ea oe | a ‘ ae 
Ht hl at i a he i , a 
| i y 7 


ty i ag i i nf hf ‘i we chal : 
4, 4 Moreen art iyi ; - \ y ee. a Oh wy a H EE i ay . . a, ie 
Am . Y it a bd oe i a Whsl q ; HH a TRA a ed " " ma we a. ' oh f me me 4 4 i ms a 7 ne : Ei. 


ae i, HT 


H 

bias cm Hi — th ‘9 fh i ms pit a cay fi ah ‘at re i we 
2 vail i : ys i? a nt f ae “ a me my Peay Hie i + Ae, oe Wy 1 an ae ie i teal ‘st ea ae oe i wit nie ag 4 

“i \ Heese) i re He GG Wee hy UA i ON Rn i pith : 
ie i i f° wy ; oy " eee ; rie Bes atath 4 a, “ cacy i ee de Si, bid bak! fd a guns aa . 
oe i se i sie i i ie chy lal . ba al sil eed, vil te Lois ta) i Q ah : pe ide lua hee “ao "he saneubiees ecm vill io : eect 
i if t 
. a a er nee " se I sin On 


Bhd, . i 
a h sie i ve ue i. — a . a. a a yy ie aids iy oy y ele i i af oo a 


i i 
Hf 
ithe si iy a i ai HH ee Pia i a at a 
h i Hi ; A he Mit in REE) 
a ae Ee 8: SOR we Ne “ vv Te 
A, 
atthe te hh yi h “t " ae i, i, i ie 
ne : 


an 
ht lead inte yi? 
He 
tee gt at 
ve “en f i 
Jap ; ay ‘ ai th 4 
hy ney ; 
tei, abla Pe < phe es : Ph ai "du it 
' 
* ra : e : ' 


ot 
' 
7 
i gh iy; ii ie ie if 
4 
i 


AT 


ae 
the vi 


cara in ae h 


lf 
ana? 3 ty tt ils ae ie t Z 
pe inf i . Hap ’ ay pata Span et Ath ae i 
. F iy if pe uf i - tye a F 
a i , aie AS iy ffs} eile ly nue hid yap he HA atl 5 ied ret phen wha iy va ‘he | i ae, 7 ih: Ned I he ia i. i, 
oon uf fe un whos pint ais auf He went: He i Pp hg a yu Tie daa ee a ih eg oe Aa in 
: el fay ‘! : + i ‘ote Pen: Oe Ce By tad i‘ pees iinltt, 
tply ne at hy a, 4 Af yy ‘Aid gctpete ESE hy VT eo 
wey Teel Hee on i 


: the ‘ ae pig i nt 
2 : ; Te ob 


! 
4 ie + 448; ar, 
ie fh Oh ; 


ik 
ay 


ues 
ra, 


— 


sae te 
fl oa 
rid ait 4 ¢ 
‘ ig om i, ins “4 HU oA phe, 

a aa ro 


1 

Hagtts Db Te eis 
pnp raps, | A ae 
7 ratheree 


* i ' aad ; 
Li, ‘ads sit hat ts ao} 1, i, ' 
pie \; ‘o tn ' i 4 
ad alae | Ha i, ‘1 abit ata Bie 4 rig ‘oft fein ©, i 
i iE be He? F if the Ht pal Btat H i 
pt ketenes bl de fad at i a bla i ti Che ee tah ‘a tal aa wt lh aa ne 
“ri By na Hy ety rduer ie tm if ab gto si Mee Taldee he "4 f me iy! ayy af AY i pal ig 
wid 


—— 
en 


fale fit 
' zs , if 
é “ti Bh i ay Mm, ae : he HE 1 ; f ee 
e ih atte hf ' ; } i he : batt Peed othe 
PLP 1 4yt te elt wll OM He pe i 1; aii q 
45 Bey uy " *,? ‘ } 

vip dees ya : : 

i ' ' 


ih 4 
wees ‘hey ff fi 
ie By pl, Wl aij 
1 thas q i 4 ta 
ein fi ra | : ai a ? } 
1 nhonee th a A > ¢ 
He ait itt i “pit iy bla one fee ot / sushi if i fe ‘Hh i. iit de Tobie te tea ce "yh Sindy sa wih iy tase Ay ' ih Hi aah 1 
HUES! ts A at A he ay i bay ue Hee hy a iy He a ie fe ah Ibn z 7 i yf t ane iy ee F i i iii if hte hel Th ‘f til eine lta ‘ i ne by eta, : fe eat ve ed a 
J ite; alt af t i . 7 if i J 
hie oak ane ae is) Ue UE 6 Ae ease die ta Bie OL ia | Miia, eas) 7 a 
eS oe ae iN ae ie Hit ee oe mi Me ii i ae oh As ee ae if ae a, Ne Tape pad Fy, i i wi iyi! ip laa i ari eh righ ttl) ey, a Hl wood, 
hai He te 18 ‘git at 2 bee Ad er 
di a! Fy, « i a 
vale ee i : iG uf ae he Caine tar ut 
Meee Ube , he y; : ? yee 
get 4hy 4 
: eT 
: ret, F 
at + : 
a ee we ire on Cae ‘i lib ‘ wy Ay 2 ap glt * ' 
fig ty a it ay? hy y nh i} “ny ft, Heth “dp a! iy hy vat ty Hite Pagal f yf 
‘tb ave 4 ‘sip ts nam tif Ta ie ipl it Hf ay re tga Loustaelgl Hh pl, vl ly ee a Wink : ne 
wai H Dy aye tet 
Bly tb beh | Ty hae a ee Meee alia iia arg dt la a “hide * Lipa ae Ue a 
Ld Sao 4 we yh i Ppiitad i LALah ee I a! I, gilt te Hy yf i a ee renee: : IMe Q lel ne 
vt Hanes ‘vs el # de ied ne } ae rh ; shes 4 eh " 
f i ; : in 
7 iF 


H rm : 

t feet car A LB. ni 

i ‘ es yet te fd tl ? ‘ge sh etl pee a Mey 
f A 

ay : s 7a i i } ‘ad if aN eit fy 8 

on fi ek nt Hh El ee uy, 


ited * 
; Hi op : lel, | 
fe ii Hy Jy 
? oy ete TE 


1 

we 

dec Hy ih Eka ny 

les at 

7 

i 
: 


a 


SSS 


: 

if 

fing! a 

ie gy 5 § 
w 


" Pot oie 


— 


43 

i meting nd 
hte eG de 

; Hey eid i 605 


atid 


yt one 
* ' 


aie tnt dy i tr fa! 

adh id dire oyite tapi ly ie gla ea 
4 ni ae a a a Ph i he if La Py Fil a shyt! ‘am! “gy be Hilo, 
ee 


oie fi tukt of TO dea pen at gs 
EA uy hs Hilt ‘apie ? phy iy i A folly ge ee : ip ah va ae p pilgg t te ba ot eee 
1a ine a Wah Hi i ily Hig Pe iia Ma lly ke Hip rE gt Pie i a vl ny: or 
if 
hy 


' 


ay tat 
A 
re 


} 
vot, it rue 
: ri 


P ennai 4 Pe fares 
we 8501 iy He gt Ly lg 
ee ; b sabe He laa a a, me ‘ig. hf gf ay tet didt thie, 
eT Pen ad fy inh q i yt ag aie , f 
REZ F } nd : ah Fl Me ae i ns oe : ney hata if eae ‘a, 


Many tab, 
: ey uy : n 
: 


fy 
1 


: 
te 


ea? 
if ef) tal t fet 
7 in F t t ! e Set i 
yt eles 4 dt tee “yt te ® ad ti i ty ' fils ; 
d's yt daly ite rye file, tt, ie i g : ah 
tytn : tye thy fo: 7 
‘ ? 


Transmit Pid 


1 2 3 4 5 6 7 8 


HOD OU Oo fon 


LSB 


J4 Receive Pid 


1 2 3 4 5 6 7 8 


SARRBGAl. 


Typical J1, J2 


Example: F100 


PidAdd = F000 PidTr = CE 


PidRcv = D6 


Dev = 03 


| | MLX/MHX 2100228G01 


13 12 11 10 9 8 7 6 5 4 3 2 1 


pat, (BEER He dre yer peers tpt ue i 
wh 
qt 
a r 
: F tik, ; if igus k rtye |p adetzy! 1G TAI 
te page} < 
te tg ey TE 7 ' D Php a " rege geeesth 
hig £ ie : 
We ue LF hy ae ¥ ht 


Tih 
gene nga Ae ey ile iy 


Met sae wee jp sit ad i tet 
ta ig ase od : ne vy oo a au Le at 
ee a a eh 
ee Me te he a 


ADS 


ee 
ESTES FE 


: Phi 
mt bi <i ie | i poo 4 
ao a ff no i a baa, 


1 teat balk h + he 
Lif ? Jag 
" ne et 

| y A i He, i 

vag t ie Halls ML) : wh 

: 


rn ae al & iid te og 4a, ; 
eat i a fh c faite per Pi hes ie 
i ah a Uy Ay Th fe, ae} te oy a hy td ; vA 
4 


uf nih ' : it 


in 
ve i oe 
A if pen i 


, 
4 is ‘ 4 “. net fa ne 4 i ‘ 


“ipo, ath a 
u 


m ae 

Ae ras He i‘ Y HW i 

wy oat Ge ; oy a ‘ bay ie 4 ie | ie fare ea Ap : i My ry 
Vi tae a i 


WaT aT 


Heh Hy 4 a ee Nha 
yd i uy 
ei ies 
ve a ( 
te ae oH Oe tes 
i 


— 


£5 


= 


, 
he 


art 


ng? Dans 


i fa m hag, si sab ‘pins iy i ip gents me 


! ae d hh i i, i je oe 


fot 
ae ; hen oe nif vane 
| f h, ( p fi me ie i o 


i 1, 
fie ah ; 


if 
ag! vor aa 
4 AN ye a ‘2 Be: Mi me ae 


l 

u Bee ue 
i 

glee fae, af pny 


Ly 4 7 af st a 
Fay fo ane oor tad Lt if 4 he a ee me 


y ih if ff we > f 
ii af | iyi Hi OL ft 
hort 4 tae tt py i dae rad Pye Ge taly 9 ‘ er f 4 i et wth Ge te oe : 
5 | 0 f wh we ay } Be : iy aa eh, igre wee th ieee a : 
' i teat al 


: f " : un bs iat ag we 
We ds ‘ 1 : ? 4 fasge t i i ? ‘pg i, ff i A e ‘a 
i ' “ eu, t iy hy He | et | i i f ha “aki sig ” Bp Ll falas my Heh sil og 
hee pats { “i ee eu. , pi ad a | i oe fy de ‘oh ms ; aay f thi" i iy he pen i vad ae ks ue i uh i, ace ‘ i, Ae # ‘ge nae ge an i : 
* | oud J3. . i‘ Hae rR ae ee i a a Ht i ‘ul vig iad pial pe ie uh iu "peer Kah i ee ce ii oe oe Hh ee ow 
b i " pPe poe an hy 
att 4 ate s Bat ibe th tt, s 
‘ns ‘ de, fer of 7 fi mls f 4 MNS os ye 


ts 
ye rhyale tet } y pel 14 we : ager iy iat sai 
in| yt 4a i “ wi 4 pat i : / “ rth ‘ Le a, % 7 ari en jy h, sagas r 1 ot ry ii A rei feifintt ah 01 
H 4 tgs Es aii ” 4 Ait it vin fee a ae ty lh he Mr typ Fade Hight 
ye! ay ei sh fg ile Ha sii ge ity ‘ie iti su sy (9 ie Lia iy . a 
if “Walt 


om es 5 ee i eB eA aa ae om Ms 


th A, 3 


Ud 3 
7 oo af Ha peli, ieewehi “1484p et y ' 


~, 


teat 
’ 
4 


h 
ile ‘ : tp ae a ey 


‘ye 
he a ade ' 
“hia ee fi i i 


Ftp 
i i 14? i i + 
“ a. laa a AS | 


ge tb nhs. Hah Pe AE TAT Hbage flstdite TE ittnd tate cay 1 ge 
Uh vit 
4 


! 
dana 4 7 . fae pie re 4 ! ut 
he Ee , ' ‘ hii r tf 7 aia da tt Atay 


ft 


pe 
TE pine aly te 
fee va fi ge 


wag ol ie eth 


bet ue 


fad ey, *e 

if : 

ah, dh, ce A i ae at 
‘ 


ne it 


dias Me hi 

‘ ith Me Hi “ Hy i 
i ‘i ht Fi Y be ane ae. y if i i 

i We ie i a a Why et TARR ERE AGH tH wh i ane ma he me ny My up ih, tt wae ty Hit #4 : 

wae e ‘ ae es i if rc 4 4 ene tee eae wr at af ptat 

A ; 7 whe 

Ny nat tik es of tye re ‘ya irda who ie i oo 

ahok at Hy i Seine 

Bi : i a lit NS a a HGF 

ey ti " Lg Ae isi ia 7 wail 8 if a ih oo nh Mi) 

a sai ay a ih: wf at re ae Hil a hore) ie ie ht i ne mn i tL 

fae 

whit Ry ye? iy 4 F 

ok wt : 


A 
ald ih, Ae rsd Mal dr " ‘Arne, 4th ty ) iH 42 ae fi ; ‘ 
i i fis i us a Py i Ae ii tah 4 fg Wy ae i, hi 7 My h 4 y 
eh hk Hen ne ar ‘eg sued si ia af a Hi ae ‘task y ve i 7 uh Hindonbagh inh i rai iA i ati ie" far Thal ie sins ee ee bola a ae i wh Ce ti 
A esa ae, arid ii ip i uh y i i Onde 1 a 
i fa 1 hy i th page ue hi i ee : de We ‘ 
fs Pe a a ne mp vy 4 sal : ' vA 4 me He ae Wee te : an ay fi u "E Pe 
ah iS 
: He ie 4 : Vd ren aa BLY Me Hi f we ih ' i, i a ad aha ta ER a yo : ve “y at 
t Ps v 
nee yeas i 
4 ‘ 
} % 
oa A i, jd htt ling ‘a sigh ite ; cA 
bh ae th Aa ath 4 out a! ‘ny hae a fh eg * al i idl h j ra 
: sii if hile H al 
gh, hi He y a Ca ae ‘Ab iff ey fot ; q va ts ee mi sa Leb bi) se a a th rm bi ae ene we a 
1 eo fs oe Wey Hi i Me ie Pa f i Ve cy Gi a ty ’ Lh 
bi 
C 7 iy, ati lee ; Lal tas nis 
if 
2 PL fd oat! is Ar be 
H i oti i A ae : 
on th ay te Fi 4 if eit ty 
A Le ghee nae Me i pee | 4 Haar 7 ‘ : 7 i Bhp te Gop! 1 it hy padal 
ih, ws we any! 2 aby ct “i 


fea 


a i thee 


, ie Hy) ae a sf iy ts hous 
a hae ee . oe ian ar a sah i ath nat "a “i in . . a: Wad allt 
f ae i Le if tr tay | a a a th a a ess oo H 
ae a ca ne ee ai | ha fi} a a alt i. sia aed it 


" 
4 Hit fh ah a hi on 
ny y fl Wy "ds mi i ia 5 Ae ty 
eat ae 
cttge 


a 
ii 


Pray 


: 4 te 
ha away ee, oh ROR ee: d ae 
Be a 4 ye ie re 


Pepa 


Yoga ap at ue ai it Pat a ae ge Mb 
bi Bee ue A Yaa lei 


Fe 
a: i ica on ad 


ih i 


Abad * 
a 1 hy ii si iti vat fe th 
af hy i 
%, 


iL 
Ne, 
ii 


” ’ Hilal an ‘ mi 
ae HH, e's Petad ak yt fe eset ae 4 H ® . Y i 
Tr, ie ie ‘tbe | a ae ‘Hy “Ady 1g SE tes ! a 4 i 
i i 
ty 4 heey ePhee 


i : 

Bs i Py Wifey ts 

He CCM ates i Le ! A ' 
anh t Me bad dt pap 4 il, fi if Bhat +h ths kate siete 


ine ee * te F 
LT a, Hit, fot agit 4 


lima 


fan 
ih ie il 7 

oft, ay afl is inf ee Hdl hy ia 7 j fet ua aie agit ih Pye bide Fe eet : ’ 2 : 

ay ie tag yf yu ith ant wa ‘ah Be Be) a ee ee wee pellese tpt Fn cape Wt adce eae tt a tat! 


~ ey ' 


F 4 
to e ‘ ” op Rt eee pe oF 


CT 2 php et a pores Spee 


5 Device No. 


1 2 3 4 5 6 7 8 
switch 
HHH Her 


pypical MHX °"°*F100 «= "pidAdd = F000 ~**PidTr=CE ~“PidRev=D6 ~’Dev = 03 


ra 


2101730G01 


12 2 1 


13 11 10 


eh bacighig «Bey ipiiga eT a TP A yall 
1 ioe oye Had ihe fuidliyh f! yi ip id oh Ae Atti 
te a iB 
F ve ned thay, Neh, Mt C ety rhe fAtye dant fh of hi Lolth ana! thd | Wistar ‘ade hy gern, 
i i ? id vi # 17 fs of 
ft 1 vO > ype! +4 d Haar! 4, 
at yer ity 


ts 
: 
pleat ae it ny CER yi hn el 


alge ft pil te 


in i ; 
Avesta tid deb, bata ae} pity wee, pape uae gl ete gy, ayy es, 


q 
i apttde hae is 1 fil hats a 
et | La | 


, i fa phe ty 
i $1 yt Nah ap? ie je ll a ihoehte ary oe 4a ty 
falta i 4 eta i 
f wie Shee optena ' roe r hy 
Hi) 4 id Aly fi, iris hg ah poi ght llth 4 aby 4, ae at ‘h rt, ih fie ‘nt ty i, juga iy lh ity topple iii Bale ii i ‘fey saga | fy aH de at f sii PY yb aye ie ‘vag Ing ty t Pas Sy fies irkt iil dv Math hy, 
4 hi hh ty ‘f rere ih thy ts ? a rane rn : A hf iy ei y 
7 it nt, i Wa Lofft ih fh it i fondle Daft the Hy Th lg aoe ay tht fan galik | hyo Tay Hy! vty Hull shy Hy oft 
Wee ae ew nh na nie ce nt i a ag papel 2 iy Hp nry nr gn vee Ay! i, i Pie rip ill rif we il pea Ate ‘ the 

is thn! 


tytn 
af tg ert Gy 
fg 4 


1 
pir ante, thle AH 


ty fey 


1 thay | 


Fi steal 
1a pid # 


r 
nad hed ty f if a | Bett ited 


ne F ‘ ’ Ag 
ff " H 7! ye , t fey 
ath tet adh 4 get 
ut 


fe ae: 44 


2 
ne in Mle 
” we ayt 


tafe 1H, iy oA apy Eh H 7 Ae " + f ", te 
i 4 at f nety ie ? ah 4 4 Saas. pet tye 
G4, i,t fit y fy nth be Hii i td F ug Hi ig. : yer A th arf, ted, i 
pf i ty a PN i Ae Pak pine. a rye WN pat, ‘hy wt 4 ie 4 i ss “a aap i i yi th ! 4 } aol 
a ype i anf re Wey Ho ae in “ie bh th! ae) Haid La fh : ie } ; 
f te 
4 nytat ip etal if ft iy ie wee Hat ‘syd OY fate, st ay, selon ts thant Pays "% fh hifi VG “phd if illite Py hitthe bike 4 ph, Avi ihe hi Hi fe fi ate Bi ‘tt he uh hogtil fey ay? tly He : ht ‘Wn oi, aes ah dh 
i 


Tsing M 4 1 ‘ 
he i Ji i f, ys jpn typid hie ae i / ia! 1 

ty ai tlh 

ee i hy te eT Ma eitel ty Weyaneit tad td aT b Y nop ag 

nf ge ii 7 y 
i oe td ea fa Ht HET § ‘tha, dt it 4 its hy Fi 
lle 4 “n 
La 1th i Iyt 1 Bf th it if 4 tt ry i Hy fa 


iH hi die th ey 
Neh i ae tui 
o ee up 

bie 


wath teh A 


ae! 
a e 


pment rea lings ” 4 vf 


Hh 
cH in Hh 


iy 7% oy 
i 


: ; 

bly aed Bila, at ha 
He f Li 

ait 


a, ae fn i 
: 
hit hy } Tues BE be a EY 


i, 


i ue ie 


na dud bf } Mi nt Hh, 
Wt had De ae 


f legh i. i 4; 
hy ig a 4 ? ie ‘I iy | if wie 


oii hh ae hat hy ! 1h! 
ily 


hp i 


wire i va 2 


day ty ‘flag fie, gph a ty f ts 


4 i! is ie iar Aa Mt, 
He ‘a g Fi y 


ty CP at 
Hi nie 


nae atid 


é 
i "Ohi iy hia 


ie fir ‘td 


a 
ii hs i ih 


‘dhl pa 


nt 
ee 7 adi 


raaty ' 
app ayptaphyy ne uy pe Ban trd 4, of pitiindilh 
yee yt 


2 


Hi 
ny 


aa iy a oe 


Dit 4 


Naty 


ane Spel fa lng HAO Te ihegattt why clon th iy pn lh 
ly that acai a; hin ‘A ei if rye % y 


in “t 


Wenig fh 


yt tail ae ae ply, a 


ttyl 
fs a p 


as ‘yi wd A aanpiih if iif / 


H 
t 
ibd ‘ily ch pgs ht ml, a és 
: Jn tt 
meg ip H 
t 4 


niet 04, 


ht, An Pea was 


! 
1 
at 


4a 
Hay pfs i! “4 pitty, 
Tegel ty 7 
ang tn “ft aeds OR Eee 
atoan ilu ‘attat | fin ot fa , a be! a 
ie 
alge vil he ee tn ql vt 
i 
sip iit fn hyrad, iy stat 
"4 


Hah ary 
ha ree ' ‘i mpegs cts 
aaa rt en | tev’ 
me ! it 


ye nt if aoa ord 


Hien, 
oe ng a 
Peay Md 


Late tng ath 


(ae eee 
mp Fe et 


at 4 
Mihi Maer nt ean 1 He ay 
i 


hb Wy aft 
np tye 
trigiad ota 

ue , 

Holga thy ! 

aw Caden |e ees 

py “ty clip Tb By PME Lye ny 

ca w 


wy 
nit" 
' 


hid a de fede lt 
ae 


yn dts uy 


Pattnn 
any 


oh wine 


ye 
t 


se ws Vt smut y 


Petit a r 
i i ite bet 


Par 
Pits 


et "aba Phy ga! uf atte dybel it, 


rh wu 2 poate 
h va Util ry t ry 
4, u abide at a yp fie at fi ate 


‘ Pry 
' i 
ints WW 


Heap, a af 
ag bf : ae | y MA nn) 


beget joa " 
“EA yl ipa acd 
ta Yythigyne bs 
voll aah Be pod 
fa pe pw fen 
uf 1 haf wow, , 
ty 'y 
i a rif t 
Mah Hie MY Ey 7h 
" shi / Hi 


piieds yy > 


je 
ages 
tet 


44 i Lhd 


i 
nes : 


y's 


it ne phy «ently gh Lind if Tne ale 
ge hy oP 
pe ye fy Prey : h : wae 2 yy Ey al | LTA hig Viet 
a ft 4 i 
a) | aD es 
A fiafiugle “Wy uf ag Ad yt | 


nana OY bate wel ty ‘in, 
74 Ce at ae fn iit ca Hg Wy eh, uv if 


: bate ‘iy ra taee nba : Meat sii i 
, ' P oP ped lites ht 
ih Ape if “did Hey seed i, woeih i, Ta ead ee eye! hy th Mig fly, ny, th fe Behl ty abe, yy atte yy Wad 8 ay 
‘hg ee fier afta wat 
tay 


" 
fad Weipa Pe 4a "dnt a! itt ae a dee tet ahs 

f 

ae ye, q ’ t 


aii uynlira ih fit, 
4 rage 


We ffl ff 
Hh se 4 : 


Tot ‘Wil a it boy 


t 


yt pit 

i Wh fe Wp 4, 
pee ee 
1 hath tig ig? i 


, 
hie 


syle 


eT) Mi 2: gg GeO ESE ayo EY Wd bitin 4 7 4 U Sibi ah ertay Phy tate tp tt tale fee Pag ge tae td te tea cy 


i 
ay bth 
va y vide ie 
2 i oF rf nyt tet i ply! 
iis dia hy i dt jon ie iyi by ee “ 
pate : A et ‘oma af feet pe jit vat, 
: é 


: 
oy 4! ‘ 
aye Wy 1 ee of 
: hh ah a hh acres 


i ro ah 
i i 
Maiyl' ih 5 i ee 


: 
is 4 fu ’ a Je ’ ttt moe 
yf Ps nif ky Hy, ' ede? jh My VL on jit Auk 1 hd tay Beh 
Ge SP ny ye: Mh it hand fine Pa Ms th 1 1h ‘hh Pa 1p 


Me 


1 Hl 
1 ae 


a he tyy he yh “y ‘Hy ‘ie Ate} Mm “, 
? 


yh 


path nae 


a vb pa? 
ie 


‘4 : 
fie Me 


' hg 
7 . 


tb at 
is ade ile ah fis di 


a i F rs a. oF 
Rog a ee % ” 
2 e t a 4 1 
i: of (4 ra i i P33 + 

, ‘ut & bys ible ile + Vt hr af pega ny, ‘hah nn i ‘ rt bi , fh m, arma, 
iil we yt ifs yy ely Eye tt tenn 1 ane ; 4 pete : mid y 
gr 4 ’ ’ i ' 
4 at ye Be * 

id Leff ye shies: hi in Liye if 1h Atal 

hs ne ne oi duly 4, eligi rfp yy Wik i ot ihe ppt tlhe 

Ges si de t fi ‘ ei Palty , 1, tt 14 es ier 


phi ye my 
1 halt, phigh ten! He ib we f 'y ‘i 


" 1 a , 
ip af tn; HE | 
Pe hla it tty 


1 

nel 
web a 

' " 


Hat Wht ee 
EAS ee | 


a 
1 gle 
1 att ae 2 fte 


ee. be aoe py, net 

tein ") 7 ; 
mfp th fly te ply! he Wr pop hanes ee 
(48 Haye a” i) outed ty ‘ bay Lae 


Jit ' 
4 nad 1M intaeilat Hern teat lye dy : teat 
be Cn , 7 
p Y in 1 yy 
Yi ue ip hapa Mats Beate ‘py meet 1, ele ‘ iy at yy 

fad 


t ay Meweroay 


’ 
f 
tH, pies 
thee 
i 


ie 4 


apie te ' 
fly #y , 
boy id father nals : y 
ait uth Sig My fh i 


fi 
ri fgg tty 
Tea at warren 


' a wo 


1 4 i 
y tape TW fey ay og Hy eote he ay wet day 
H : t , ‘ 
bree fi ye teed 
Pe ae le i) 4 / ‘ eee 
we Plt Salo / 
ee TT ne Rt ap M ey ae t, 
y 5 4 har vet Vee, mothe Myth 
: * 
i i a ps! a w up * ay 
; ; sdb eat pul Way ‘ad 
Wey Fille ne hea gh labag alla ity eg Py 
i ; 5 ‘ rr tw a Pod ds x 
rat : wi i : 


’ 


fe 
i , 
vtothe he e web deple® ty ie 


1 
Ute 
tf aff ha, 
ee La ? é 


fay Bay gt 4 at 
Oh 


} 
th Gh Hal 4) itd 4 t “nf 


, 
Birt 

Pate a, ted, 
th ee Wy fap i Pandit n fetta ee 
f Uf 


a ? nape 4 

; Ht sb at jffent 
hd aay, Yup : ip t ie 
Mas iy fh Mlb 
% $ YET ‘gw 
' 


E 
ghteh fy 


# a, 
pif, it 
spell De fe? “yea a “ah Fell Uy 


ut 

at Ht yu rity, 
aye id UE a Pty get P 1 Gyt ray Aaa 
wer pape frig tn alge tt ft mp ‘"d by agl nee 


i eat iy 
" ‘ayy pe uip 


yaw 


a ‘a 19 A we tae n 


' 
Y) we 
2 rit r we are 


: 
tp mip Tg Le 


te ih} i i 


rotocol 


_ 
ol 


188-114 


Bell 303 


RS232 
Inverted Receive 


and Transmit 
Data 


Bell 306 
(Psat) 


RS-449 (Psat) 


Typical 


Example: MUR 


Protocol = P3-T RefCik = Internal IntCl< =48KB 


° 


Pah y of 
eEaeT] 


jt 
pattie they dapat get 
1 Si te tA Hedy - 


f 
3 
Bath 


i 
fe peehigy, H 
he bien Bey dei 

2 4 
at 
Higgh 4 


alt pip tale x 
tall ail} 


Ge hy 


1 
ay 
f 


, 
bots 

: My oy i 
bet Pg EM ob My Hy fay 


Ypres 


t 


! 
fea bag ata ye 

brie a ; 
db fate ar ga ad 
lel he peat ts dy 


: 
: OUR Uy UP 
f 


t fe a3 # 
tf tap og Mea gh ofa et 
A 


, : 


a3 
PEG ah ieee: jlinaf? 


Par 
poe BPs 


h Th gd. 
A 
3? hyat " dy, dt Hy 4 2 
Litt [EAM rag he gat Be Tie 8 
oy Myer toy Pare : ? 
5 4 A wad “x: ad 
Pn en i tie ates 
Hlth te td potted V yidie ol ty do dea gdE te said fey fed ya ta 
PT i / 4 ify ‘ 
ne tla fd pte 
t ht 
ott tty et tee 
4, r 
“hay 
f 


bye 
Pai 
ie hg 
oe 
*F 


' 
Beh graritan 2 
ng peat 


; 


pe i 4 
4 Bayi ‘pe real BA ty 


‘Ind (cea Dei a a 


7 
ma 


rae 
fut t 


ty 
bo tytbes 


gy OUT yy 


Benders 
f 
na? f 


Mh Se, 
pra ane 


¢ ‘ + ¢ 


! 
i 
fe 
i 


7 


‘ 


dk Lt edt ye 
4, 4 p 
Ht yt fern tah! , a ee pibeadte yale, (ae 


, 


’ t 4a tt 

7 1 Aia's as ad Tee a 
: 

: 


fia 


2 

ttt 
fy 
ie 


f Sapte by wd, ti. 
tha te FO tpl taby the haat pap 
Veh deep Me oe 
ghelig Ce TE wt 
ty gy 
ies eee 


, 
, ? 
an ey 4 ae 


D 
nal fo pide bt lh 
nar PU z 

ry f Be patiagg 


we 1 


: 
rae 
Pd fg Z 
cP tothe, ¢ ae at ie 
Agha Ped patton till, ve aA gh 
y t 


t v f 


f j 

vate i , 

fects ay 
; 

op nats 


t 

at 

seed 
‘ 


eon 


“ f . aw oF 
rary, 

eT ee Vy 
aly 


ne i 


ae ee 


ay pt 
' Vt aid 


nants 
we ts 
By ' 


, ' 
vebie » pe taal yO daaiey 


agyt 
tg, : 


‘i 
E 
0 


: 


aod f Yate t 
4 ae tly 


t , 


! 
4 Me Fag tad ne ty 
diye yh Fa we hud iy eytyitie, 


Pf ath th tt te 
t 


Poe , 


rte 


, 
ao & fhe 
Bee 
Pee, 


4 
} 
, 
f 


oF v 
rapt ai 
ay adi y 4 
i pital ‘ 
ene het " 
ae 
" 


' 


4 
" 


' 


he * 
nl 
WT baa 


ae 
? 


, 


iad 


? 


fin 


‘ 
fle 


: 


ape Fat Ot pans dad tA ahaa ta tty ty 
SEA gl Ae at thy : Fle Pe ey 


2 


f un 
rel Adal, eet ne | 
Ty 


' 


ey 
Hay 
ay 


wobane 
hyde fags PP PLM ony 
ett 2 Ped 


P 
Aytalp le, 
, 


rlya f 


ree) 
’ 


i reer 
din! tity 1 if yells 
; ' 

eee omer, 

af Oba tek 
! road? , 

he , 
if f 
Bre yy yh met 
H ; um : ae 
é : 


a 
' 
7} at 


on) 


"y 
Be tay mig FB 


i Pa 
nat 
Hite 


ea 
“ebb ad Me 
es pa 
48 t ened ty 


MONE Bt 


er ee 


Pr bys 
plated 
eatane 


Lae, 


taf 
wade 


wy 


i; 


Cp atte iy ght 
Pye, “ye 
"t 


Ppp pag 
, y 


TUE! y tl 


4 i 
uth gl TH 


pitoe 
wok in Paint th tk 
a Wain Patines hy Ue fithn 


hyde el gt bah oat Ory, ot, 


a 


: 

Ven 
afige 

ree 


2101730G01 


é 
* at 
aft ff wae ily 
i #. 
ny ee 
‘ 
; yee 


4 
Ze 
t} 


5 
fine, 


: 
ae 

bet phy 
tet aay 


fae 
hp aye 
frog? 
gel 8 


a rn 
i re 


hte t pa atee cist one fed ng Pat bt gals 
PE eT RE 
" 
roarpiblne 
: Ft 
toe ’ 
pot yeaa 
t oa HE ge 


, 
thy 6 
i é 


al i! 
if 'y 

ia 
: 


! 
tpt y 
; Gt 


ys te 
7% as homed 


M 
4 : i 


4 
, 


' 
it WE 2 eae ifien hgh» 

Bitchy al thay : tt de these le tantly reg py tl tet ath fides ite 
yy Hille tr ye F F MEE EG dy tte yi, tpn, 
HEN h dh ty EA a A Oe EA 
Pe ota t 
' whoken 
a 

tage tt t ae tere ae 


wer mb ue cnt, 
te ethat at Mit 1 arin, eehae pe ie nee 
i. 
2b ape 2 ray 
ji f 
Ltt ate 
hy fd et rise } 
a Mibinn a daa Cae 
Bong ay a) 
oy heel 


1 ’ Hye 
G i Beet tom 
La i H, ‘ ; ! th the 


ay 

woream trae 
ty hie 
es a : 


he 


t A t 

rae 4 mt Paty & 
Pyte aaah ghey vaand 
ary 


Beg 
wate 1 


alts aly 
ide 
aes Wye, 
ip ee 


Pe 
t 


Pe ae 


Z i hs, 
onetime poy t 
Ce: 7 7 4 ' 


oy 


2 Reflected Clock Source Header 


Reflected Clock Source | J3 Header Notes: 1 - For additional information (config.), 


see mech. ref (Doc: MUR-05) 
HC1 
HC2 
HC3 


Internal 2 - For all jumpers (JMP) shown on heauers, 


Tancmit clock use 30 AWG — INSULATED wire 


3 - For connection to Honeywell modem 
interfaces, use inverted receive data option 


Receive clock 


Internal plus Honeywell 
compatible rec. data 
‘inversion * 


H 4 - For connection to Honeywell modem 


interfaces, use inverted driver data 
option, header J7 


* See Note - 3 


Internal Clock aud Rate 
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6.25 MB 
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1.5 KB 
780 KB 
390 KB 
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Typical 
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